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Abstract 
  The City of Worcester’s Water Resources Protection Overlay Districts (WRPOD) were 
created to protect the groundwater of the city for future use.  The city realizes that protecting its 
water resources is essential in maintaining a high quality of life in urban settings.  Our project, in 
conjunction with the Office of Planning and Regulatory Services Division, assessed the WRPOD 
in Worcester.  It entailed an evaluation of current regulations and management practices as well 
as a documentation of history.  We also introduced educational tactics and designed an 
educational brochure and PowerPoint presentation for raising public awareness of safe practices.  
Additionally, we created GIS maps and databases for the city to utilize to monitor business 
activity and expanding new locations for water protection zones.  Our recommendations to the 
city are for improving the effective use of the WRPOD.  If implemented, our project will have a 
substantial impact on the protection of the quality of water in Worcester for years to come.             
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Executive Summary 
Protecting water resources and drinking water sources is an important goal in all cities.  
The City of Worcester currently employs a Water Resource Protection Overlay District 
(WRPOD) to guard aquifers, and subsequently groundwater, from unnecessary pollution.  
Worcester’s WRPOD stipulates permitted usage within the two protection zones, GP-2 and GP-
3, both standing for groundwater protection.  The GP-2 zone is more restrictive than GP-3 
because contaminants have a greater potential to leach directly into the aquifer. 
Our project provided the City of Worcester’s Planning and Regulatory Services Division 
with a set of recommendations to improve the effectiveness of the WRPOD.  We were able to 
utilize GIS mapping tools and other analytical methods to aid the planning division in locating 
potential contaminators within the GP-2 zone, educate residents and businesses about water 
resource protection, and update the WRPOD regulations.   
Our project included several goals.  First, we focused on updating the WRPOD bylaw to 
correlate with the guidelines mandated by the Massachusetts Department of Environmental 
Protection (MassDEP).  Next, we retrieved information so that Worcester could add additional 
WRPOD for future water protection zones.  Another goal included researching and documenting 
monitoring and enforcement principles that Worcester could utilize in order to control prohibited 
uses in the water resource protection overlay protection zones.  We identified potential 
contaminators with business databases and GIS maps and provided the Planning and Regulatory 
Services Division with information to strengthen its enforcement and monitoring techniques.  
Lastly, our group focused on designing educational programs designed to institute residents and 
businesses about the GP-2 zone and water resource protection. 
In order to understand water resource protection better we interviewed many key officials 
who work closely with water resource protection.  Our group interviewed Mr. Phillip Guerin, 
Director of Environmental Services, Ms. Lara Bold, a planning analyst for the Planning and 
Regulatory Services Division, and Ms. Catherine Sarafinas-Hamilton, from the MassDEP.  We 
also obtained information from Rhonda Artho, an expert who won The Groundwater Foundation 
award for groundwater protection education in 2006, and Mary Salmon, employee of the 
Division of Code Enforcement in Worcester.  Through all of these sources, we were able to 
understand the concept of water resource protection, the history of Worcester’s WRPOD. 
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Revising the WRPOD for Worcester incorporated the usage of best practices.  Utilizing 
the award cities obtained from archival research, our group could compare Worcester to best 
practice cities and analyze improvements that could be made to the existing WRPOD.  Important 
aspects that we determined included permitted uses within a GP-2 zone and the permitting 
process.     
Also, improving Worcester’s management, enforcement, and monitoring capabilities 
included using GIS mapping tools, databases, and MassDEP fact sheets.  Potential contaminators 
were located through our investigation of business history located within the databases of the 
code department.  We documented these businesses in a GIS map and attached database.  On top 
of this, MassDEP management, monitoring, and enforcement methods were obtained in order to 
compare to Worcester’s current methods. 
Through our analysis, we discovered that Worcester would like to locate other areas for 
future drinking water protection.  Our group investigated the required methods for a municipality 
to establish new aquifer protection zones.  These methods included pump tests, surficial geology 
studies, and elevation contour analysis.  We acquired GIS maps from the MassDEP and analyzed 
probable spots for aquifer protection. 
 Lastly, from our background research of best practices, we believe an educational 
program could adequately improve Worcester’s Water Resource Protection Overlay District.  
Using award-winning tactics from Ms. Rhonda Artho, we designed educational programs; our 
group created a brochure to teach residents about safe practices that would deter unnecessary 
pollution and a PowerPoint that can be used to educate business employees and employers about 
safe procedures to prevent pollution. 
The project concludes with several recommendations for the City of Worcester and the 
Planning and Regulatory Services Division.  First, Worcester needs to update the current 
WRPOD and revise the language in order to meet MassDEP minimum requirements.  
Monitoring and enforcement procedures should be included within the bylaw, to have businesses 
implement enforcement mechanisms to promote safe disposal methods.  To ensure the Planning 
and Regulatory Services Division has ample data for monitoring and enforcing those businesses 
our group advises Worcester to integrate the database we created into the main database at the 
planning office.  Management should include provisions restricting floor drains from existing 
facilities, stenciling storm water drains that discharge into water bodies, and implementing city 
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wide educational programs for drinking water protection.  Lastly, our group recommended that 
Worcester implement some form of education to teach residents of the GP-2 and GP-3 zone 
about water resource protection and safe practices.  By taking into account our recommendations 
and studies, the City of Worcester will have the necessary tools to protect aquifers and recharge 
zones.   
Table 1 summarizes the project. 
Problems  Methods Analysis/ Results  Recommendations 
Documentation of History 
? Interviewed Mr. 
Phillip Guerin of the 
DPW 
 
? Wrote history 
History and 
background were 
documented in paper  
Maintain for future 
records 
 
 
 
 
 
 
 
Worcester’s Water Resource 
Protection Bylaw 
 
 
 
 
? Collected 
Worcester’s bylaw 
from website 
 
? Obtained list of best 
practice cities from 
MassDEP 
 
? Obtained ordinances 
of best practice 
cities  
 
? Checked best 
practice cities and 
Worcester against 
MassDEP minimum 
permitted use 
requirements 
 
? Took random 
sample of 10 award 
cities 
 
? Created comparison 
matrix to assess 
regulations 
 
? Compared each by 
triangulating 
Worcester, best 
practice cities, and 
MassDEP 
regulations for gaps 
and differences 
 
Worcester did not 
meet MassDEP 
minimum permitted 
use requirements 
 
Wording of 2 
provisions in 
Worcester’s bylaw 
did not correlate with 
MassDEP 
 
Worcester has a 
detailed permitting 
process explained in 
bylaw 
 
Definitions not 
present for new 
MassDEP bylaws 
 
No severability clause 
and unclear 
procedures to solve 
boundary disputes 
Incorporate missing 
provisions to meet 
MassDEP requirements 
 
Change wording of 2 
provisions to correlate 
with MassDEP and best 
practice cities 
 
Include a severability 
clause and reword 
procedures for boundary 
disputes 
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Problems Methods Analysis/ Results Recommendations 
Protecting the GP-2 and GP-3 
zones 
? Obtained overlay 
maps from MassGIS 
database 
 
? Obtained business 
occupancy 
information from 
Worcester’s code 
department  
 
? Created database of 
occupancy 
information 
 
? Created potential 
contaminators 
checklist 
 
? Created GIS maps 
of Worcester and 
GP-2 zone 
 
Located problematic 
areas such as 
underground storage 
tanks and spill sites 
 
Discovered several 
businesses of high 
contamination 
potential 
 
When databases and 
GIS maps are used in 
unison, it is an 
effective tool to 
monitor activity 
within the zone 
  
Include this database 
within the existing 
Planning and Regulatory 
Services Division database 
 
Utilize map to enforce and 
manage potential 
contaminators 
 
Include residents and GP-
3 information into 
database 
 
 
 
 
 
Management 
 
 
 
 
 
? Researched 
MassDEP website 
for tip sheets and 
fact sheets 
 
? Compared 
Worcester’s policies 
for management 
against MassDEPs 
 
? Created table to 
outline Best 
Management 
Practices to 
Worcester’s 
management 
practices 
Worcester does not 
contain many best 
management practices 
Employ management 
practices in order to 
protect water resource 
zones 
Enforcement and Monitoring 
? Researched 
MassDEP website 
for tip sheets and 
fact sheets 
 
? Analyzed best 
practice cities for 
enforcement and 
monitoring practices 
 
? Compared 
Worcester’s policies 
for enforcement and 
monitoring against 
MassDEPs and best 
practice cities 
Found that Worcester 
does not enforce or 
monitor 
Perform some type of 
monitoring with 
businesses 
 
Implement enforcement 
tactics that MassDEP 
dictate 
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Problems Methods Analysis/Results Recommendations 
Educating residents and 
businesses about water resource 
protection 
? Researched best 
practices for 
educating 
businesses and 
residents 
 
? Gathered additional 
resources from 
MassDEP and 
NRDC 
 
? Created sample 
brochure for 
residents and 
sample PowerPoint 
for businesses 
Brochures and 
presentations are tools 
that can be utilized 
for educating 
individuals and 
businesses in a water 
resource protection 
zone 
Designate responsibility of 
groundwater education to 
a city employee 
 
We advise Worcester to 
use the brochure we have 
created to educate 
residents 
 
PowerPoint presentation 
should be used for 
teaching businesses about 
safe practices 
Expanding Water Resource 
Protection Zones 
? Researched methods 
for GP-2 and GP-3 
delineation 
 
? Obtained GIS map 
layers from 
MassGIS 
 
? Created GIS maps 
for surficial 
geology, elevation 
contours, and 
aquifers  
Analyzed GIS maps 
of surficial geology 
and aquifers to locate 
possible sites for new 
GP-2 zones. 
Information may be used 
for future studies of water 
resource protection zones 
and possible wellheads 
Table 1:  Water Resource Project Summary 
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1. Introduction 
Protecting water resources is essential in maintaining a high quality of life in urban 
settings.  Only since the 1970s, with the enactment of the Clean Water Act, has the greater 
population become aware of the need to protect water resources (Cullingworth, 1997).  Water 
resource protection is a means for areas to safely utilize natural water sources for years to come.  
Improper protection of water resource can lead to serious health consequences.  In the interest of 
sustainable development, steps need to be taken in order to assure that our water resources 
remain clean now, and for the future.   
Our project dealt with several concepts implemented to improve protection of water 
resources in Worcester: regulating permitted use in water resource protection zones, the 
monitoring of those zones, and raising public awareness of groundwater protection.  Suitable 
drinking water quality is an essential environmental issue that should concern communities and 
individuals.  With the population of the world increasing at a rate greater than ever before, the 
need for sustainable water use is vital.   
According to a study by the United States Geological Survey conducted on drinking 
water sources in the United States, our drinking water may not be as clean as we think.  Over 
twenty percent of aquifers showed above average levels of at least one volatile organic 
compound (VOC).  VOCs are synthetic compounds found in many household products, fuels, 
cleaners, and other solvents (Zogorski, Carter, & et al, 2006).  Beyond VOC pollution, the 
National Resources Defense Council claims that over seven million cases of drinking water 
contaminations occur in American every year.  With over two percent of Americans, or about six 
million people, getting sick or dying from contaminated water every year (Natural Resource 
Defense Council [NRDC], n.d).   
The City of Worcester’s Zoning Ordinance contains a policy that does protect the city’s 
water resources.  This policy is known as the water resources protection overlay district 
(WRPOD).  However, this policy is being underutilized and used ineffectively, therefore, 
hindering Worcester from becoming a more sustainable city.  Sustainability in this case relates to 
supplying an adequate supply of potable water to the residents of Worcester for years to come.   
One main issue summarizes the current WRPOD; it is simply out of date.  The 
Massachusetts Department of Environmental Protection (MassDEP) has a list of minimum 
regulations for water resource protection zones in municipalities; the MassDEP has written new 
regulations after Worcester wrote the WRPOD bylaws, and the city has yet to incorporate them.   
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In relation to the major problems with the Worcester regulations, there are specific 
problems as well.  The policy for monitoring business activities within the WRPOD is 
inadequate; the city does not maintain a database of these businesses, which include 
manufacturing companies and even a gas station.  In addition, there is no accountability for the 
activities taking place within the protection zone; the only mechanism to introduce business 
inspections is via complaints. 
The goal of our project was to assess the City of Worcester’s, water resources protection 
overlay districts.  From that assessment, we provided the city with recommendations on how 
Worcester could use the overlay districts most effectively.  Including updating current 
regulations, and improving the system for monitoring and reporting for both the city and 
businesses.  Additionally, we created a database and GIS map of all the businesses in the stricter 
of the two protection zones, GP-2.  Our assessment will help Worcester to maximize the 
effectiveness of the WRPOD for protecting its water resources now and for many years to come.   
In achieving our goal, we looked at the current city regulations.  We then determined 
gaps in the Worcester regulations based on research of what other cities had done.  Our group 
recommended filling the gaps with regulations from best practice and award cities.  We then 
found information on all the businesses in the GP-2 zone; including owners, complaints, and 
permit history.  This information was incorporated into making the GIS map and database of 
potential contaminators.  Through our background research, information pertaining to 
management was obtained after studying best management practices that could be implemented 
to protect water resources.  As a result of our management research, we created sample 
educational material to be used by the city to raise awareness of water resource protection.  
Lastly, methods for monitoring and enforcing activities occurring within the protection district 
we also examined.   
Our research contributed recommendations that Worcester can further research in order 
to determine if the stated “best practices” will work with the current provisions.  Worcester’s 
water resource protection policy was not optimal for initiating sustainable development.  If the 
city does not improve the present regulations, the city will never reach the highest level of 
sustainability.  Our proposal of recommendations incorporated best practices to aid Worcester in 
deciding what actions to take in order to improve its policies and maximize sustainability. 
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2. Background  
 In this section, we explored provisions that promote aspects of water resources 
protection.  This included conservation and protection of current resources, as well as planning 
for future generations, and public health.  The provision that the City of Worcester asked us to 
analyze is its Water Resource Protection Overlay District.  Although Worcester recognized the 
importance of promoting greener and more sustainable development, little documentation existed 
pertaining to the history behind how and why the provision was implemented or justification of 
the benefits to the environment.  This section offered an explanation on the origin of this 
provision from the federal level, from the state level, from the local level.  This chapter also 
provided a concrete foundation in understanding the main concepts of water resource protection. 
2.1 Water Resource Protection Overview 
Within the last twenty years, water resource protection has become a major part of many 
communities around the globe.  This is because of a world-wide realization that water is in a 
limited supply.  There are major implications related to protecting drinking water resources in 
the United States.  Improper uses of water resources have lead to, death of wildlife, loss of 
wetlands, pollution, among other problems (MassDEP, n.d.).  Contaminated drinking water also 
poses several problems, including childhood leukemia, cancer, and adverse reproductive effects 
(Massachusetts Department of Public Health, 1998).  In addition, water resource protection is 
important in terms of making sure that there is a large enough drinking water supply for future 
generations.  Yet, cities have been making great strides to properly manage and protect drinking 
water sources.  In the next few sections, we will discuss several related matters to water resource 
protection. 
2.1.1 Contaminated Drinking Water 
Improperly protecting water resources can lead to contamination.  The long-term 
pollution of public drinking water wells in Woburn, MA, is one case study of ineffectively 
protecting drinking water sources.  In May of 1979, the Massachusetts Department of 
Environmental Quality Engineering (DEQE) discovered that the towns drinking wells were 
contaminated by trichloroethylene (TCE), a hazardous material used in manufacturing (Murphy, 
1990; Rowe, 1999). This discovery was made after citizens complained about the quality of their 
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drinking water and they became concerned about the effects it would have on their health. A 
local clergyman, alarmed by the number of childhood leukemia cases in Woburn, turned to the 
Massachusetts Department of Public Health to look for a cause.  Besides the townspeople, a local 
factory was troubled about a cluster of three kidney cancer occurrences (Rowe, 1999).  Over the 
course of the next several years many different studies were done to document the clean up of 
the contamination and to evaluate public health (EOHHS, 2007).  An article written by the 
Woburn Times dated September 15th, 1989, stated that clean up of the contamination would take 
between 20 and 50 years and amount to approximately $68.2 million (Ryan, 1989).  
The environmental contamination in this case resulted from the dumping of chemicals 
onto the ground, it is important to note that this was industry practice at the time. The events that 
transpired in Woburn, MA, are used today to educate the public of the risks associated with not 
protecting drinking water and to show the importance of enforcement and monitoring industrial 
impacts on the environment (W.R. Grace & Co., 1999). 
2.1.2 Runoff Contamination 
Disposal of hazardous waste is not the only means of contaminating drinking water.  The 
further runoff, rainwater traveling over pavement or other surfaces, has to travel in order to reach 
a drainage area, the greater the chance of contamination.  Contamination is a large problem for 
Massachusetts particularly because the aquifers of the state are relatively shallow in relation to 
the ground.  Consequently, this means that there is a very short distance for ground water to 
travel before reaching the aquifer (MassDEP, 1997).  The state has determined that localizing the 
storm water runoff will prevent contamination.  A specially designed area such as rain gardens 
have proven successful in preventing rainwater travel (MassDEP, n.d).  A picture of a rain 
garden is illustrated in figure 1 on the next page.   
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Figure 1: Picture of rain garden retrieved from www.mary-holmes.org 
 
Studies have shown that decreasing the amount of impervious area creates less runoff 
pollution from non-point sources (American Planning Association [APA], 2002).  Cleaner water 
means a greater chance to reuse the water, an issue that will be discussed in the next section. 
2.1.3 Water Usage 
The United States Geological Survey (USGS) states that both public water supply and 
rural and domestic livestock supply have increased from 1950 – 1995.  A study conducted by the 
American Planning Association (APA) declares that public supply of water withdrawals has 
increased to 40.2 million gallons per day, an increase of 4 percent in 5-year span.  Water 
conservation protects the depletion of aquifers and guards against mineral contamination and 
surface water pollution.  If an aquifer begins to dry up, wells must be drilled deeper thereby 
further disturbing groundwater flows and increasing the chance of mixing brackish water, also 
known as saltwater, with freshwater (APA, 2002).      
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Currently Worcester uses about 23 million gallons of water per day.  The safe yield is 28 
million gallons of water per day (P. Guerin, personal communication, January 30, 2007).  This 
could become a major problem for the city if future water usage increases drastically.  The city is 
looking to expand its available water supply to allow for this augmentation.  An emergency 
wellhead area would provide the extra water needed to supply the residents of the city. 
2.1.4  Awards for Water Quality Excellence 
The Massachusetts Department of Environmental Protection (MassDEP) provides 
municipalities with awards for source water excellence.  To receive this award, the city must 
show distinction in its regulations, management and enforcement practices, and water quality.  In 
addition, the award is granted based on alternative protection methods used to guard drinking 
water sources against pollution.  Activities that distinguish good methods from great methods are 
listed below.  
 
? Land acquisitions (acquired within the past 2 years) 
? Efforts in removing threatening land uses or activities from water supply areas 
? Establishment of water supply protection committees or teams 
? Partnerships with the business and industrial sectors 
? Cooperative agreements with farmers and livestock operations 
? Local inspection programs that improve source protection 
? Successful emergency response 
? Stormwater improvements 
? Innovative educational programs 
? Multi-community or internal collaborative efforts 
? Innovative site plan review methods 
? Community participation and volunteers 
? Implementation of Best Management Practices (BMPs) 
? Other approaches or strategies for water supply protection that are innovative or would be 
of interest to other communities and water systems. (C. Sarafinas-Hamilton, personal 
communication, January 15th, 2007) 
  In our research of award cities, we did not come across Worcester as ever having earned 
this reputation.  The award cities listed on the MassDEP website dated back to 1997.     
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2.2 Federal Regulations Overview 
Before there were laws protecting areas against dangerous waste disposal, people and 
industries dumped their refuse either down the drain or onto the ground.  These practices lead to 
the contamination of drinking water sources and to numerous consequences for people.  To 
combat this issue, the government enacted many laws to protect drinking water sources.  Laws 
are established at the federal, state, and local levels.  At the federal level, the Environmental 
Protection Agency (EPA) established three major acts to protect against improper waste disposal 
and promote clean water quality.  The acts are the Clean Water Act, the Federal Safe Drinking 
Water Act, and the Federal Water Pollution Control Act.   
2.2.1 Clean Water Act 
In 1965, the federal government, namely the Environmental Protection Agency (EPA), 
mandated that all states require standards for water quality.  Then in 1972, the federal 
government created the Clean Water Act (CWA).  This legislation prohibits all forms of 
discharge at toxic levels.  The act set deadlines and conceptually built plans for states to meet 
federal water quality standards.  These plans provided states with suggestions to attain goals for 
water quality using “best practical technology” or “best available technology economically 
achievable.”  Preventing pollution from source point contaminators, toxic discharges resulting 
from one specific point, became a priority for the federal government (Cullingworth, 1997).       
Initially, the Clean Water Act aimed for “swimmable and fishable” waters by the year 
1983.  The EPA did not meet its goal, but the EPA deemed the CWA a useful tool for protecting 
and monitoring water sources.  Even the National Water Quality Inventory Report, a document 
supplied to Congress every two years by the EPA that summarizes water quality of each state, 
maintains that two-thirds of the country’s water quality support fishing and swimming 
conditions.  Therefore, by EPA standards, this means that the CWA functioning properly to 
promote sanitary water (Cullingworth, 1997). 
Seeing that the CWA lacked a direct foundation to regulate every aspect of pollution and 
pollutants, the EPA created other federal regulations.  The Federal Safe Drinking Water Act 
(SDWA) and the Federal Water Pollution Control Act (WPCA) became state and municipal 
managing devices.  These regulations also aided in states and municipalities to furnish proper 
water management and assessment plans (Cullingworth, 1997). 
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2.2.2 Federal Safe Drinking Water Act 
Groundwater, stored in aquifers, contributes to 98% of the world’s fresh water.  An 
aquifer is an area of porous rock where water flows.  This water has become the main resource 
for our nation’s drinking water.  However, over the years, practices by residents and industries 
have led to the contamination of many aquifers and drinking water sources.  Practices such as 
dumping hazardous materials down sewage drains, applying commercial fertilizers to lawns, oil 
discharges, and urban run-off can cause pollution to groundwater (Cullingworth, 1997).   
The problem with protecting groundwater stems from the fact that pollutants are ever 
changing.  A chemical used for many years by an industry or resident may become listed by the 
EPA or state regulations as a hazardous material.  By the time the EPA labels the toxin as a 
threat to the environment, the chemical has already contributed negatively to water bodies and to 
groundwater sources.  In addition to this issue, groundwater moves at a slow rate.  When states 
or the EPA detects contamination in a groundwater source, the damage is already too extensive.        
As a responsive measure to the problem in 1974, the EPA furnished the Federal Safe 
Drinking Water Act (SDWA).  The Act stipulates that the EPA must monitor and regulate 
twenty-two water contaminates.  Over the next few years, EPA documented regulations for 
monitoring the twenty-two water contaminates.  However, progress was slow (Cullingworth, 
1997). 
In 1986, Congress passed an amendment to the Act.  The amendment mandated the EPA 
protect water sources against eighty-three specified contaminants and for the EPA to adopt 
twenty-five additional contaminants every three years.  By 1993, the EPA was protecting over 
200,000 drinking water sources under the SDWA.  Nevertheless, the adequacy of the SDWA 
limited the EPA and burdened small water suppliers (Cullingworth, 1997). 
With the stipulation that the EPA must list twenty-five additional contaminants every 
three years prohibited the Agency from implementing regulations against high priority toxins.  
Furthermore, the EPA states that the organization could not concentrate on resolving problem 
areas that could lead to improving public health.  Besides EPA issues with the Act, the SDWA 
sometimes burdened small municipalities financially.  Most small water suppliers do not have 
enough funding to improve or replace old water quality monitoring equipment.  Today, the EPA 
would like to see reforms made to the existing SDWA (Cullingworth, 1997). 
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2.2.3 Federal Water Pollution Control Act 
To protect drinking water, the EPA did not only rely upon monitoring water sources and 
the water that comes from household tap.  The EPA also noticed that water bodies such as 
harbors and other traversing surface waters, water utilized by boats and other water vehicles, 
could potentially damage water quality (EPA, 1972).  The plan to monitor such water bodies 
would incorporate a broad spectrum of policies and regulations to protect, monitor, and regulate 
water quality (Environmental Science & Technology (ES&T), n.d.).    
The Federal Water Pollution Control Act (FWPCA), originally enacted in 1948 by 
Congress, became the EPA’s designed arrangement (1972). The FWPCA’s chief objective for 
clean water included “restoring and maintaining the chemical, physical, and biological integrity 
of the nation's waters” (EPA, 1972).  Amendments to the act in 1972 set two goals for the EPA.  
The first stated that the all point source discharges to traveling water bodies be eliminated by 
1985.  Additionally, the EPA was to set a level of cleanliness for water quality by July 1, 1983, 
for the protection of fish, shellfish, wildlife, and recreation (EPA, 1972). 
Today, the FWPCA gives the EPA enforcement rights to monitor and regulate states to 
comply with water quality stipulations.  At any time, the EPA may inspect water quality and 
management practices of the state.  Also, the EPA, under the act, oversees violations pertaining 
to the FWPCA.   
2.3 State Regulations Overview 
The regulations used by most municipalities in Massachusetts are rooted in the model 
regulations set forth by the Massachusetts Department of Environmental Protection (MassDEP).  
In the late eighties, cities and towns in Massachusetts began to see the need to put regulations 
and zones into place for groundwater and wellhead protection.  The problem at the time was that 
the cities and towns did not know how to structure these ordinances.  The MassDEP evaluated 
this problem and decided to create a set of model regulations for the entire state. 
2.3.1 Wellhead Protection Program  
In 1990, the MassDEP submitted a report to the EPA applying for primacy, the right to 
create a set of regulations and ordinances independent of the ones set forth by the EPA.  The 
EPA granted the primacy and that same year the MassDEP created the wellhead protection 
program.  This program became a detailed guide aimed at assisting municipalities in setting up 
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regulations for local wellhead protection bylaws (K. Hamilton, Personal Communication, 
February 1st, 2007).  The guide includes a six-step process to set up protection of land around 
wellheads.  The steps are as follows:  
• Develop a schedule for putting the plan into effect.  
• Build local support by raising awareness of the need for wellhead protection and 
educating citizens as to what can be done. 
• Creating zoning, general, and health bylaws for wellhead protection. A set of 
recommended regulations is included in the document.   
• Adopting floor drain health regulation, model regulations are also included.  
• Creating a map of what areas are in the wellhead protection zone.  
• Meeting best effort, in the case that a model protection plan cannot be met these are steps 
for compromising with communities and businesses. 
Sample regulations include restricted uses in the zone, such as landfills, graveyards, and 
storage of deicing chemicals.  Also included is a list of possible contaminators as well as their 
level of risk, high, moderate, or low.  This guide was a major success and contributed 
information to many communities in setting up protection plans (Baker, 1997). 
2.3.2 Groundwater Protection Program 
The wellhead protection plan later split into two different sections: one specifically for 
wellhead protection and the other meant to implement areas of groundwater protection.  
Groundwater protection areas include aquifer and aquifer recharge zones.  The groundwater 
protection plan integrated several concepts incorporated in the original wellhead protection plan.  
The groundwater protection plan from the MassDEP includes model regulations for setting up 
Water Resource Protection Overlay Districtss (WRPOD) like the one in Worcester.  The 
MassDEP groundwater model plan, also, modeled Board of Health regulations.  Lastly, the plan 
included a sample water supply protection checklist for coordinating local project reviews (K. 
Hamilton, Personal Communication, February 1st, 2007).  The current regulations that Worcester 
has set forth for their WRPOD were partially based on these state models (P. Guerin, Personal 
Communication, January 30th, 2007). 
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2.4 Water Resources Protection Overlay Districts 
At the state level, the Massachusetts Department of Environmental Protection set out to 
work with the EPA to establish a program from which local governments could establish their 
own regulations.  For the City of Worcester, the result was the Water Resource Protection 
Overlay Districts.  It is important to note that the concerns associated with water resources 
protection differ from region to region in the United States as each area has its own set of 
environmental concerns. 
Similar to the federal-state relationship, states have limited control over each district’s 
regulations.  Districts set restrictions against land usages that pose a threat to water resources and 
the environment (APA, 2002).  In April of 1991, Worcester adopted the water resource 
protection overlay bylaw to protect aquifer recharge areas (City of Worcester, 2000).  Worcester 
defines a Water Resource Protection Overlay Districts (WRPOD) as a delineated boundary that 
protects environmentally sensitive areas against adverse activities and pollution.   
The specific goals of the Worcester policy are as follows: 
1. To promote the health and safety of the general public 
2. To preserve groundwater, including recharge areas and environmentally sensitive 
regions, from land use practices and other industrial development 
3. To preserve and protect drinking water sources for the public 
4. To prevent blight to the environment  (City of Worcester, 2006) 
In essence, Worcester would like to discourage adverse activities within water protection 
zones that could potentially lead to the contamination of public drinking water. 
2.4.1 Different Goals for Implementing Water Resources Protection 
Researchers do not to have the same opinion about how a city or town should go about 
outlining a proper water protection plan.  For instance, Worcester hinders the planning process 
because it does not comprehend where its regulations fall in regards to the state or federal water 
regulations (L. Bold, personal communication, 2006).  A close example to this issue originates in 
Florida.  The state needed to reevaluate its water plan because of a plausible future water 
shortage.  By the year 2020, Florida needs to change its freshwater flow from 7.2 billion gallons 
to 9.3 billion gallons or face severe water depletion.  The state’s old plan did not dictate the 
water usage within each water district or the role of the water districts towards the conservation 
of water.  The new plan revitalized relationships between the state government and the water 
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districts and formally addressed the issued surrounding the roles of water districts concerning 
water consumption (Gleason, Rodrigo, & Brown, 2005). 
Also, research has shown dissimilarity towards the ideas that implement a well-adapted 
water resources protection plan.  This stems from the fact that towns wish to protect different 
aspects of water resources.  In some cases, such as in Texas, the state was looking to conserve 
water resources.  With a loss of approximately 3 million acre-ft of water per year by the year 
2050, Texas was looking to reevaluate its water plan (Gleason, Rodrigo, & Brown, 2005).  Other 
towns wish to maintain water quality.  For instance, on Cape Cod, Massachusetts, the town board 
wanted to limit building altogether to alleviate water resource stresses and prevent blight of the 
environment (Greshon, 2004).  For Worcester, it wishes to protect aquifer recharge areas from 
possible contamination (L. Bold, personal communication, 2006). 
2.4.2 Contingency Plans for Future Drinking Water 
With the limited supply of water, planning for future water use is necessary for 
municipalities.  A contingency plan, emergency backup plan, is defined as a preparation for 
temporary water shortages (MassDEP, Water Suppliers Protecting Drinking Water Plan, 2006).  
Shortages can occur from natural disasters, over usage of the water source, or accidental or 
purposeful contamination.   
  The MassDEP states that there are five levels of emergency that must be considered 
when designing a contingency plan.  Level I consists of routine problems.  These problems 
consist of mechanical problems at the pumping station.  The MassDEP also characterizes level I 
issues as affecting less than 10% of the population and can be solved within a 24 hour period. 
Level II incidents include major main breaks and local total fecal coliform outbreaks.  
These incidents are distinguished as disruptive to less than 50% of the population.  Level III 
closely relates to level II problems, but affect more than 50% of the population. 
Level IV includes natural disasters.  These would cause cities to declare “do not drink 
orders” or similar orders to the general population.  Level V incorporates nuclear attacks or 
terrorist acts.  The MassDEP stipulates that if a nuclear incident occurs, surface water supplies 
within a 50-mile radius around the site be considered contaminated (MassDEP, Handbook for 
Water Supply Emergencies, 2002). 
Methods to combat these problems include mandating regulations.  One such document 
that provides protection for drinking water sources includes a wellhead protection plan.  Before 
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facilitating a wellhead protection plan, a municipality should build local support before creating 
the bylaw.  For wellhead protection zones, the MassDEP had a document outlining steps to 
implementing a sound protection plan.  The plan began with the city/town defining each step of 
the process for creating a wellhead protection zone.  The MassDEP describes in detail six steps 
that are essential to the process.  These steps are the site exam, the pumping test, the source final 
proposal, the altered zoning map, and the submittal of all necessary documents to the MassDEP.  
All of these are outlined in more detail in Appendix E.   
Worcester currently uses the aquifer protected by the water resource protection bylaw as 
an emergency drinking water source.  The regulations within the WRPOD are utilized to protect 
the recharge zone from incidents mentioned above.  At this moment, water use has not been a 
worry for Worcester and therefore, there is no need to use the emergency wells (P. Guerin, 
personal communication, January 30th, 2007).   
2.4.3 Austin, TX Case Study: Implementation of Education 
Austin, Texas utilizes a program to enhance the protection of water resources.  This 
program is known as the MS4 committee.  Austin may employ this program to safeguard storm 
water from leaching into groundwater, but states that this may be used in conjunction with water 
resource protection bylaws.  
Uniquely, the guidelines for Austin’s MS4 provision incorporate educating the public 
about improper disposal of wastes and safe practices to maintain water quality.  A program that 
contains the following guidelines must be implemented by the permittee: 
1. A program promoting, publicizing, and facilitating public reporting of illicit discharges or 
improper disposal of materials, including floatables 
2. A program promoting, publicizing, and facilitating the proper management and disposal 
of used oil and household hazardous wastes; 
3. A program promoting, publicizing, and facilitating the proper use, application, and 
disposal of pesticides, herbicides, and fertilizers by public, commercial, and private 
applicators and distributors; and 
4. A program to maintain the signs, markers, and kiosks which were installed during the 
first permit term (Austin City Connection, 2001a) 
  14 
2.4.4 Tips for Expanding Water Resource Protection Zones 
Presently, Worcester is conducting studies on probable locations for new water resource 
protection zones.  As one of our methods, we wanted to supply necessary courses of action for 
performing studies pertaining to new water resource protection locations.  Since the Department 
of Public Works carries out all necessary analysis of the water study and most, this information 
would be documented it to reference.   
Examining the MassDEP website, we discovered several documents recording tips and 
facts.  From our research, detailed in section 2.4.2, it is important to have plans in place to 
resolve water problems.  In summary, the fact sheets included closely monitoring the zone I 
region, using propane or natural gas for backup power, and identifying floor drains that could 
leak into the groundwater and cause contamination.  Also, as stated in our background, many 
problems can contribute to temporary shortages of water.  The fact sheet stated that 
municipalities should have an up-to-date contingency plan for emergency water shortages.    The 
MassDEP stipulates that a city should generate long-term and short-term plans for future water 
usage.  Lastly, our study of MassDEP tips concluded that involving the public and authorities, in 
this case the Board of Health and local planners, to ensure that all persons understand the need 
for protection within the zone II area.  
Most importantly, we found through background research that a municipality should 
build local support before creating a new wellhead plan.  Methods to build support included 
educating local officials, citizens, and local businesses about groundwater.  One idea suggested 
using community fairs to explain answer questions pertaining to the process of implementing a 
wellhead protection plan: What is a wellhead protection zone?  What land uses are regulated 
within the zone?  This technique will also allow the city to recognize negative community 
responses to the bylaw.  To combat the negative responses, the MassDEP recommends a 
municipality should create bylaw committees that include all voices of the community. 
2.5 Management Practices 
The MassDEP has laid out a plan that when followed correctly should lead to properly 
managed water resources.  This plan is contained in a document entitled Developing and Local 
Wellhead Protection Plan.  Related specifically to management, there are specific best 
management practices (BMPs).  Business, residences, and cities all have their own sets of BMPs 
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that help them properly protect drinking water sources.  Best management practices are 
“effective methods for addressing existing threats in water supply recharge areas (Baker, 1997).”  
BMPs are extremely cost effective methods for preventing contamination and alleviating the 
financial burden of clean up costs that would be required.   
2.5.1 MassDEP Involvement 
The MassDEP plays a large role in managing drinking water protection within the state of 
Massachusetts.  The MassDEP provides many different resources to improve the protection of 
drinking water.  In addition, it provides assistance in managing drinking water protection such as 
checking if your drinking water is safe and access to regulations governing water resources.  The 
MassDEP has taken a large role towards helping people learn about protecting their drinking 
water.  The MassDEP has also created fact sheets, seen in Appendix A, that can be used to 
educate planners, residents, businesses, and water suppliers.  These fact sheets contain 
information on BMPs that could be implemented to help protect drinking water sources.  
2.5.1.1 Planners 
City planners have a large role in the protection of drinking water sources.  They are 
responsible for planning and implementing the protection regulations, monitoring land uses in 
conjunction with other city offices, and controlling hazardous waste such that it will not become 
a contamination risk.  To do these things, the city needs to develop and institute regulations or 
controls for each of the above items listed.  For Worcester, this would include the water resource 
protection overlay bylaw.     
 City planners and other local officials also are responsible for developing non-
regulatory practices.  These practices may include stenciling storm drains (figure 2), creating 
hazardous waste collection days, and public education programs (MassDEP wellhead plan, 2001) 
(MassDEP, Planners Protect Drinking Water, n.d.). Non-regulatory practices depend on the 
community. Each city will have to evaluate which strategies will or will not work within, as they 
are dependent on public support and participation to be successful (MassDEP Wellhead Plan, 
2001).  
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Figure 2: Picture of storm drain stenciling retrieved from www.crwa.org 
 
2.5.1.2 Businesses 
 Businesses have a responsibility to follow best management practices (BMPs) to help 
protect drinking water from contamination due to chemicals used in business operations.  
Examples of chemicals that require special consideration when used within a water resources 
protection area are fuels and oils, de-icing chemicals, medical wastes, paints, detergents, 
cleaning solvents, fertilizers and pesticides, and other hazardous chemicals.  These chemicals 
pose a large contamination risk to water resources when stored, handled, or disposed of 
improperly.  Businesses need to educate employees about how to properly handle and dispose of 
any chemicals used on the job.  On the job training and posting signs describing proper methods 
are two effective ways of educating employees.  
Businesses should pay more attention to four main categories of management: hazardous 
materials, floor drains, septic systems, and lawn care/landscaping.  Hazardous materials have 
their own sets of BMPs that must be followed to protect public health; they are also subject to 
extra regulation by the MassDEP.  These materials have specific storage requirements that must 
be met and should be checked regularly.  Floor drains are a major risk as they may leak directly 
into the water supply.  It is important for businesses to regularly check the floor drain system for 
breaks and know where the drain discharges.   
Due to the fact that septic systems drain to the soil without treatment, they are not an 
appropriate disposal method for hazardous materials.  Also, they should require regular 
inspection and maintenance to assure correct working order.  Lastly, facilities applying, storing, 
and disposing of lawn care chemicals must do so in an appropriate manner.  It is important to 
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keep these chemicals out of the drinking water (MassDEP, Businesses Protect Drinking Water, 
n.d.).  
2.5.1.3 Residents 
One of the major BMPs is public education (MassDEP Wellhead Plan, 2001).  Getting 
the public involved in protecting water resources is necessary for success.  People need to know 
that they live or work in an area that has a direct affect on drinking water quality.  Education is a 
necessary tool to teach people methods for protecting water resources.   
Residents should be concerned with the proper disposal of pet waste, car care, and 
storage tanks.  Residents may also choose to substitute less hazardous cleaners for ones presently 
used in the home and to participate in hazardous waste disposal days if applicable.  Pet waste 
poses a hazard to drinking water if not disposed of properly.  The suggested method of disposal 
is to flush the waste down the toilet or throw it in the garbage.  Also, owners should not walk 
their pets near wells or reservoirs.  Cars should be monitored regularly for leaks and other 
required repairs.  Resident should treat motor oil and other automobile fluids like hazardous 
waste and dispose of properly.   
Another contamination risk to the water supply is fuel oil tanks such as those used for 
heating oil.  Residents should check the tanks for leaks regularly and evaluate them for proper 
containment and safety measures (MassDEP Residents Fact Sheet).  
2.6 Management Tools 
The proper management of water resources and the laws or regulations implemented are 
essential for successful protection of drinking water sources.  Worcester needs to evaluate its 
own set of specific concerns before looking to protect the water resources within the city.  
Research has shown that without a proper database, a city or town will be unable to implement a 
suitable water overlay plan, thereby compromising water quality and conservation (Gleason, 
Rodrigo, & Brown, 2005).  Yet, a database is only one of the many tools that are available to 
support water resources protection.  GIS mapping is another tool that is available to help 
properly manage source water areas.  
 Worcester currently lacks a proper inventory of businesses that reside within a water 
resource protection zone.  Also, the ordinance only stipulates protection of aquifer recharge 
zones.  Other types of water bodies that could influence the environment, public health, or other 
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abutting communities to Worcester are not mentioned within the water resource policy (L. Bold, 
personal communication, 2006).  Frequent studies of businesses situated in each water protection 
zone would provide ample data to analyze who is situated in the protection zone and what occurs 
within the water overlay districts.   
 As stated before, Worcester’s water resource protection overlay bylaws require better 
attention to the activities occurring within these zones.  Presently, Worcester allows the 
application of pesticides and herbicides for non-agricultural and non-residential use.  Also, 
Worcester authorizes the treatment and storage of hazardous materials.  Both of the high 
pollution events listed above Worcester condones via a special permit (City of Worcester, 2006).  
Nevertheless, research has shown that most groundwater contamination comes from fertilizers 
from agricultural usage, waste sites, and many other hazardous materials that infiltrate into 
groundwater (Cullingworth, 1997). 
2.6.1 DEP Models for Enforcement 
The MassDEP provides two different models that can be used separately or together to 
protect water resources. One model is an example for a Board of Health regulation and the other 
is for a zoning ordinance. Within the model zoning ordinance released by the MassDEP for 
groundwater protection districts, the MassDEP provides the basic language for the enforcment 
regulation.  A sample exerpt from the model is made available below.  
10.1 Written notice of any violations of this [bylaw/ordinance] shall be given by the [Zoning 
Enforcement Officer/Building Inspector] to the responsible person as soon as possible after 
detection of a violation or a continuing violation.  Notice to the assessed owner of the property 
shall be deemed notice to the responsible person. Such notice shall specify the requirement or 
restriction violated and the nature of the violation, and may also identify the actions necessary to 
remove or remedy the violations and preventive measures required for avoiding future violations 
and a schedule of compliance. 
 
10.2 A copy of such notice shall be submitted to the [Town/City] [Planning Board, Board of 
Health, Conservation Commission, Engineer and/or Department of Public Works, and Water 
Department/District].  The cost of containment, clean-up, or other action of compliance shall be 
borne by the owner and operator of the premises. (MassDEP, Model Groundwater Protection 
District Bylaw or Ordinance, 2005) 
 
The MassDEP also provides an example of the Board of Health Regulation that may be used in 
accordance with the zoning ordinance for groundwater protection districts. The general method 
of enforcement within this model is that of penalties for non-compliance.  
 
  19 
 
“Failure to comply with provisions of this regulation will result in the levy of fines of not less than 
$ 200.00, but no more than $1000.00.  Each day's failure to comply with the provisions of this 
regulation shall constitute a separate violation. (MassDEP, Model Groundwater Protection Board 
of Health Regulation, n.d.)” 
 
 These models take different stances when it comes to enforcing the protection of water 
resources. The model for placement within a zoning ordinance has the strong point of putting the 
clean up costs on the property owner/operator, yet it does not provide for how the contamination 
would be initially discovered.  It also provides for an action plan to cover the remediation, yet 
still would not provide for future monitoring of the property. The Board of Health model 
provides for the penalties to be assessed, but does not specify who the penalties would be 
assessed to, such as the operator or the property owner.  The Board of health model also does not 
provide any examples of a monitoring program.  
 It is important to recognize that within the text of the model regulation for the Board of 
Health a significant penalty program may not be necessary in the presence of an effective public 
education program. The fact that education may reduce the need for a penalty program does not 
make the need for enforcement obsolete. Enforcement at the local level is still an essential 
component of protecting water resources. 
2.7 Summary  
This background section provided a solid base of research and defines all major concepts 
dealing with our project.  It also emphasized the fact that improvements can be made to the 
effectiveness of the WRPOD in Worcester.  Our research of case studies showed that better 
practices and model cities exist.  In addition, the background research illustrated potential 
solutions to the problem areas with Worcester’s WRPOD.   
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3. Methodology 
The goal of our project was to present recommendations to the City of Worcester to 
update the current WRPOD and increase its effectiveness.  First, we wanted to help the Planning 
and Regulatory Services Division understand the language within the current WRPOD.  We 
provided information pertaining to how the bylaws were created and why the GP-2 and GP-3 
zones were situated as such.  We also provided Worcester with a means to monitor and enforce 
the businesses and industries within the zone.  Lastly, our group supplied Worcester with 
information and methods for possible future expansion of the water resource protection overlay 
zones.  Given that sustainability is the major issue of our project, the concepts of sustainable 
development and growth will be significant when making our recommendations. 
Our research design involved an assessment of the water resource bylaws, followed by 
identifying best practices, and a comparison of Worcester’s water protection bylaw to that of the 
best practices that we identified.  The design also incorporated creating a map and database of 
potential contamination sites.  Lastly, our research consists of obtaining documents explaining 
the expansion of aquifer protection zones and guidelines for the necessary language integrated 
into the water resource bylaws.  By following these steps, we were able to recommend to the city 
responsive measures toward improving the Water Resource Protection Overlay Districtss and 
bylaws. 
3.1 History 
From the research in section 2.4.1, Different Goals for Implementing Water Resources 
Protection, in order to improve the current WRPOD, a better understanding of the regulations 
needed to be documented.  Our sponsor explained to us that the Planning and Regulatory 
Services Division wanted a detailed history of the WRPOD.  Results of this can be found in 
section 4.1.  In order for us to accomplish this task, we needed an expert to explain to us the 
dynamics of the WRPOD.  In an email sent by our sponsor, Ms. Bold, we discovered that one of 
the original creators of the WRPOD regulations was located in the Department of Pubic Works.  
Our group scheduled an interview with the Director of Environmental Systems, Mr. Phillip 
Guerin to expand our knowledge of the need for the GP-2 and GP-3 zones.  Also, the interview 
gave insight into the conception of the water resource bylaw.  Lastly, the information provided 
by Mr. Guerin subsequently aided in other goals detailed later in this methodology. 
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3.2 Assessing Worcester’s Water Resource Protection Overlay Bylaw 
Our background research of federal laws and state regulations explained that proper 
provisions are essential to maintaining adequate water quality.  The next three sections will 
explain our method for assessing Worcester’s current WRPOD. 
After learning about the history of the Water Resource Protection Overlay Districts, our 
group began gathering information to assess Worcester’s water resource protection bylaw.  We 
researched national case studies, but decided that using local ones would be more beneficial.  
Additionally, the award cities we found only follow Massachusetts’s regulations.   
To gather more information, our group contacted Ms. Catherine Sarafinas-Hamilton, who 
works for the drinking water program at the Massachusetts Department of Environmental 
Protection.  She provided information pertaining to the minimum requirements for permitted 
uses within an aquifer recharge zone.  Ms. Sarafinas-Hamilton, also, gave us the MassDEPs list 
of award cities from 1997-2002.  We found the rest of the award cities up to 2006 on the 
MassDEP website. Along with the listing of award cities, she included the application and 
criteria to qualify as an award-winning city.  In general, a MassDEP award city must be one that 
has met all state minimum requirements and has met minimum water quality standards.  This 
application is illustrated in Appendix B.     
From the minimum requirements, we created an interactive checklist, featured in 
Appendix B, using Adobe Designer.  We obtained Worcester’s zoning bylaws and map from the 
City of Worcester’s website.  Using the checklist in relation to Worcester bylaws, we assessed 
whether Worcester’s bylaws include the minimum mandatory laws for permitted use. 
3.3 Determining Best Practices: Assessing Source Water Bylaws for Award 
Cities 
In order to determine best practices, our group decided to standardize best practices to 
only include cities recognized or awarded for source water, drinking water, wellhead, or water 
resource protection.  In addition, we chose only to incorporate those award cities located in 
Massachusetts.  This is because other states regulate and implement different resource protection 
methods for their municipalities. 
Using the checklist of the MassDEPs minimum permitted uses within a water resource 
protection zone, our group excluded award cities that did not meet minimum MassDEP permitted 
use within a wellhead/aquifer protection zone.  Based on our comparison checklist, we found that 
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12 cities met MassDEP minimum permitted use requirements. Due to time constraints, we 
decided to only examine 10 award cities.  To determine the 10 samples, in an Excel spreadsheet, 
we listed the cities that met MassDEP minimum permitted use requirements.  With Microsoft 
Excel, we generated random numbers for each award city.  The first ten cities, after being sorted 
by sample number from lowest to highest, were used for comparison.  Below is the random 
sample table created in Microsoft Excel.  Those chosen are highlighted in yellow. 
 
Award Cities that meet DEP Requirements Random Sample Number 
Canton 1 
Ipswich 2 
Sudbury 2 
Westford 3 
Hatfield 3 
Peabody 5 
Hopkinton 5 
Auburn 9 
Holliston 10 
Bridgewater 11 
Concord 11 
Sutton, Wilkonsonville 11 
Table 2: Random Sampling of Award Cities using Microsoft Excel 
 
Once we had a sampling of award cities, we obtained the ordinances and maps of each 
model city from each municipalities’ website. 
3.4 Comparing Worcester’s Water Protection Bylaw to Best Practices 
To finalize our analysis of Worcester’s water resource protection bylaw, we created a 
comparison matrix.  The finalized matrix is depicted in Appendix F.  The criteria used included 
basic bylaw standards, the permitting process, the permit application, the permit criteria, the site 
plan criteria, definitions, and the enforcement and monitoring process.  We looked for 
differences and gaps in standards and policies.  Furthermore, we analyzed similarities between 
Worcester’s bylaw and the award city’s source protection bylaws.  Once we had completed 
comparing Worcester to best practices, we presented our findings to the city in the form of 
recommendations. 
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3.5 Zone II & Zone III Monitoring 
From our research, we had found that maintaining a database of businesses and structures 
within the protection zones was essential to proper monitoring.  Therefore, our group decided to 
identify potential contaminators and structures within the GP-2 zone.  Using the geographical 
information system supplied by the City of Worcester’s Planning and Regulatory Services 
Division, we began by obtaining addresses for businesses within GP-2.  With these addresses, we 
acquired permit occupancy applications from the code department. 
Our sponsor Ms. Lara Bold, recommended us to Ms. Mary Salmon at the code 
department.  Working with Ms. Salmon and the employees at the code department, we were able 
to procure business occupancy information, such as building date, parcel number, owner name, 
address, zoning code, type of building, permit history, and any relevant complaints.  We utilized 
this information to build a database using Microsoft Access of businesses in the GP-2 protection 
zone.  This database would be used later in conjunction with a prototype GIS map illustrating 
businesses that could be characterized as potential contaminators.   
For the GIS map, we retrieved many overlay maps from the MassDEP website, 
http://www.mass.gov/mgis.  Our group used the program MapInfo to produce a prototype GIS 
map that would pinpoint potential contaminators.  We limited potential contaminators to include 
businesses and industries and excluded residences.  A color coding system identified buildings 
with higher potential to pollute.  Our group generated a point system, 1-15 that would rank the 
possibility for contamination.  1 being a business having a low contamination potential, and 15 
having a high potential for contamination.  The standards for the point system are not based off 
methods used by state or federal, but are a preliminary creation of our group.  The Planning and 
Regulatory Services Division may alter them at any time.  The document is attached in Appendix 
C, under the heading “Contamination Potential Checklist,” of this document. 
In addition, since the WRPOD had not been enacted until 1991, businesses that existed 
before this date did not have to follow water resource protection regulations.  Our group decided 
that in order to give the city and Planning and Regulatory Services Division a complete picture 
of what was located within the GP-2 zone, we needed to create a map that illustrated potential 
factors of groundwater pollution.  By using data from the MassDEP website, 
http://www.massgis.gov, we created maps that illustrated oil and hazardous spills in Worcester’s 
GP-2 zone and underground storage tanks.  Utilizing these maps, our group identified additional 
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problematic areas within the GP-2 zone.  These problem areas inside the GP-2 zone were then 
documented within the database mentioned above.  
3.6 Monitoring/Enforcement Practices 
Because of our informative interview with our sponsor, Ms. Bold, we decided to 
investigate methods for monitoring and enforcement to recommend to the City of Worcester.  As 
well, research, explained earlier in this paper, detailed that monitoring and enforcement would 
help hold businesses responsible for their actions.  Therefore, our design included locating 
monitoring approaches.  Our group utilized the matrix we used to compare Worcester to other 
award cities as one source for information.  Any city that included enforcement or monitoring 
became a viable source of information for policy.  We examined documents that explained or 
outlined methods from which municipalities could begin integrating enforcement and monitoring 
into their bylaws.  This included the MassDEPs model zoning ordinance for ground water 
protection and the MassDEPs model Board of Health regulation pertaining to ground water 
protection. 
3.7 Water Resources Management 
As our research states, databases and other management tools such as GIS maps are 
important mechanisms for proper management.  Our group wanted to explore best management 
practices.  In MassDEP documents we examined, the state identified best management practices 
related to water resources protection and other methods of management for the water resources 
protection zone.  These documents included the MassDEPs wellhead and groundwater plans, 
along with fact and tip sheets directed towards municipal groups. We then looked for evidence of 
best management practices being used within the City of Worcester via personal communication 
with city employees and the city website.  
The best management practices were compiled into a table identifying their usage within 
the City of Worcester.  Each practice was denoted with one of three levels of usage:  Yes, No, or 
Needs Improvement.  Yes was used to denote practices that are widely used within the city.  No 
denotes practices for which evidence of usage was unavailable.  Needs Improvement meant that 
evidence of the practice was available, but it was not widely used. 
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3.8 Water Resources Protection: Education Program  
Education is a key aspect for cities to use in order to protect water resources; the public 
needs to be aware of what efforts the city is making towards conservation.  Austin’s education 
program, outlined in section 2.4.3, helped us realize that teaching individuals about water 
resource protection and safe practices was important to protecting source water areas.  We 
created a program based off best practices that included making the public aware of the need for 
protection, emphasizing vulnerability to the aquifer recharge, and steps they can take to protect 
this source of future drinking water.  
 The first step for creating the educational program was to find a benchmark program.  We 
could then base our program off it. We researched awards given for education, many from 
different conservation organizations, and found one that could contribute well to our project. The 
Groundwater Foundation gives an annual award to an individual who has made significant 
contributions in the field of groundwater protection education. That expert was Rhonda Artho 
from Texas. Rhonda is the North Plains Groundwater Conservation District Education 
Coordinator, the Texas coordinator for Project WET (Water Education for Teachers), and serves 
on the Board of Directors for the Ogallala Aquifer Institute. Rhonda won The Groundwater 
Foundation award for education in 2006, for her efforts in educating her community about the 
need to protect groundwater (The Groundwater Foundation, 2006). We contacted her and asked 
her for any suggestions on what would be the best way to attack our problem. She gave us the 
three aforementioned steps: raising awareness, emphasizing vulnerability, and giving steps for 
improvement (R. Artho, Personal Communication, R. Artho, February 7th,  2007). 
 We took those steps and decided to incorporate those into two separate entities. The first 
was a sample educational brochure that the city can distribute to the residents and employees of 
the GP-2 and GP-3 zones. The other was a sample presentation that the city can give to the 
businesses of the zones. Both the brochure and the presentation give information about the need 
to protect water and supply tips on what can be done to preserve the integrity of the recharge area 
that the zone protects. 
 The brochure was created first, using Microsoft Publisher.  We started by finding similar 
brochures from local organizations.  The MassDEP has two brochures; one contains information 
on oil leaks and the other one, pet waste.  These along with information from our paper were 
resources that we used to create the brochure itself.  The presentation was created by taking the 
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information almost verbatim from the brochure and making a Microsoft PowerPoint 
presentation, that contains information on industrial pollution rather than residential.  Both the 
brochure and the PowerPoint presentation are illustrated in the appendix. 
3.9 Method for Expanding Water Resource Protection Overlay Districts in 
Worcester 
In section 2.4.2, we discussed Worcester’s current contingency plans, also known as 
emergency backup plans, for future water supply.  Our plan for supplying additional information 
to the city’s current contingency plan involved documenting probable areas for aquifer protection 
based on data located from the MassDEP website, http://www.mass.gov/mgis.  We collected 
layers, or maps used for GIS, to include in a GIS map depicting soil characteristics, aquifers, and 
land elevation contours.  To locate areas for future water supply, maps were created depicting 
these layers.  Utilizing the maps, we could visualize locations for additional water resource 
protection zones.           
To complete the analysis of feasible water protection zones, our group researched 
techniques for the City of Worcester to expand the current Water Resource Protection Overlay 
Districts.  To comply with Massachusetts’ state regulations, our group only examined documents 
on the MassDEP website for this information.  Information that we found included special 
permits needed in order to design new source water protection sites and tests necessary to verify 
the safe pumping yield, the largest amount of water that can be feasibly pumped from the aquifer 
in an allotted time for the aquifer.   
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4.  Analysis 
In this section, we provide the reader with an analysis of our methodology as well as 
results.  Additionally, we deliver detailed explanations of the tools that we used to complete our 
analysis.  From interviews with key officials, we documented a history and background of the 
WRPOD for the Planning and Regulatory Services Division (P&RSD).  Using checklists, 
databases, and GIS maps, we analyzed the gaps in the WRPOD.  In addition, we triangulated 
award cities distinguished for best practices, MassDEP regulations, and Worcester’s WRPOD to 
examine differences in best management practices, regulation wording, implementation for 
education programs, and necessary practices for expanding water resource protection zones.   
4.1 Documentation of WRPOD History 
During an interview with our sponsor, Ms. Bold, she informed us that the history of 
Worcester’s WRPOD was not well known by the Planning and Regulatory Services Division. 
The employees of the Planning and Regulatory Services Division discussed with us that they 
wanted to know how the WRPOD regulations were created, how the placement of the GP zones 
were determined, and when the regulations were first implemented.  Based on this interview, we 
saw the need to create a documented history of the WRPOD.  The following information we 
recorded for the P&RSD. 
An interview with the director of Environmental Systems, Mr. Phillip Guerin, explained a 
great deal about how and why the WRPOD exists.  Specifically in the DPW, when a special 
permit is sent for approval, it is always forwarded to Mr. Guerin, because nobody else in the 
department knows about the WRPOD.  Mr. Guerin was a chief designer of Worcester’s WRPOD 
in the late 1980s.         
The history of public water supplies in Worcester can be traced back to the mid 19th 
century.  At that time, the city was using Bell Pond for its main source of water.  Due to the 
increase in population, the city has since needed to expand its water supply.  Currently, the city 
draws drinking water from ten reservoirs, located in Leicester, Paxton, and Holden (P. Guerin, 
Personal Communication, January 30th, 2007). 
In the early 1980s, city officials saw the need to plan for the future water use of 
Worcester.  This plan looked into expanding from those ten reservoirs, by opening a wellhead 
located in Worcester.  Additionally, the city decided to implement a plan to protect the wellhead.  
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They started by looking into the aquifer land acquisition program.  This was a state program 
designed to give cities grant money, to purchase land on top of aquifers and aquifer recharges.  
Worcester applied to receive one of these grants.  The area of interest was around the wellhead 
that taps into the North Quinsigamond aquifer, located on the Worcester-Shrewsbury town line.  
A small brook, called the Poor Farm Brook, feeds the aquifer.  A photo of the Poor Farm Brook 
is depicted below.  Another brook, Coal Mine Brook, not depicted, also recharges the aquifer. 
 
Figure 3: Poor Farm Brook 
   
As part of the application process, IEP Inc. came to Worcester in 1983 and conducted a 
study of the land surrounding the well and the recharge zone for the aquifer.  This land around 
the aquifer recharge became what we know today as the Water Resource Protection Overlay 
Districts (WRPOD).  Based on soil types and geology, the city set the boundaries for where zone 
II would need to be, and based on topography, namely slopes, determined the boundaries for 
zone III.  The city used the grant to purchase the land around the wellhead, but not the recharge 
zone.  Even though the boundaries were drawn, the regulations relating to protecting the recharge 
zone were not put into place until 1991.  The reasoning for this was based on need.  Although the 
city wanted to plan for the future, it saw no reason to put the plan into effect.  It began to see this 
need in the late eighties when city water usage began to rise (P. Guerin, Personal 
Communication, January 30th, 2007).  
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The ten reservoirs that were, and are currently, used by the city are capable of pumping 
out 28-29 million gallons of water per day.  In 1988-89, the water usage of Worcester peaked at 
about 27 million gallons per day.  City officials became concerned about the water usage 
approaching the safe yield limit.  In accordance with this concern, they began to look into setting 
up the wellhead that had previously been protected with the grant money.  This wellhead is 
capable of pumping out 500 million gallons of water per day, and would be able to handle the 
city’s water needs with ease.  In addition to setting up the wellhead, Worcester also saw the need 
to protect the recharge zone delineated in the IEP Inc. report.  In response to this issue, the City 
of Worcester formed a committee to handle the task.  
The committee consisted of officials from the Health Department, the Department of 
Public Works (DPW), and the Planning Board.  From MassDEP model regulations, pertaining to 
groundwater and wellhead protection, and the ordinance of Auburn, MA, the preliminary 
ordinance for Worcester was written and presented to the Planning Board for approval.  The 
Planning Board approved the newly titled water resources protection overlay district bylaw in 
1991.  Since that time, the well that was supposed to take over for the reservoirs is still unused 
(P. Guerin, Personal Communication, January 30th, 2007).  
As mentioned previously, the city can handle water use of about 28-29 million gallons 
per day and usage peaked in 1987 at 27 million gallons a day.  Since that time, water usage has 
actually declined in the city even though population has been increasing.  Mr. Guerin outlined a 
few plausible explanations for this: First, the price of water and sewage in the city has gone up 
dramatically; people are now using less water than in the late eighties because of cost.  Secondly, 
due to a change in plumbing code, the amount of water a toilet uses per flush has been cut nearly 
in half.  Lastly, many businesses have left the city that used a large amount of water.  During the 
nineties water usage has tapered off at about 27 million gallons per day and since then it has been 
steadily decreasing.  
Today the land surrounding the aquifer recharge is being protected, but the well is not 
operational.  Someday Worcester will outgrow the reservoir system that is currently in place and 
is going to need potable water.  Therefore, Worcester’s Water Resource Protection Overlay 
Districts will become an important factor for protecting drinkable water for years to come (P. 
Guerin, Personal Communication, January 30th, 2007).  
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4.2 Analysis of Worcester’s Water Protection Bylaw 
As stated in section 2.1.4, the MassDEP honors municipalities each year with awards for 
source water protection.  The criteria used to determine these award cities is detailed in Awards 
for Water Quality Excellence. Worcester was not included in the listing of MassDEP award 
cities.  By using our comparison matrix of, the regulation requirements of the MassDEP, the 
bylaws of the best practice cities, and Worcester’s WRPOD bylaw, we were able to triangulate 
and analyze data. This allowed us to propose recommendations that would develop the most 
comprehensive WRPOD bylaw for the City of Worcester.  The following sections detail our 
analysis of the comparison matrix, which can be found in Appendix G.  
A bylaw is comprised of several different segments.  The first section usually states the 
purpose of the bylaw.  Subsections such as definitions or dispute procedure often follow.  Then, 
permitted use and non-use regulations are detailed for business, industrial, and residential uses 
existing within the water resource protection zones.  Lastly, the bylaw may contain sections 
detailing the process for special permits, monitoring or enforcement practices, and/or a 
severability clause.   
4.2.1 Comparing Minimums for Permitted Use 
Informed by our research of contaminated drinking water case studies, outlined in section 
2.1.1 of the background section of this document, in order to guard aquifers against unnecessary 
pollution, MassDEP minimum permitted use regulations are needed.  These regulations protect 
aquifers from water contamination, illustrated in the case of Woburn, MA. Therefore, one of our 
objectives was to check whether permitted use within Worcester’s WRPOD met MassDEPs 
minimum permitted uses.  Our analysis tool for assessing against MassDEP minimums was to 
create a checklist, depicted in Appendix B, to facilitate the comparison of both Worcester’s and 
the award cities’ regulations to the MassDEP minimums for groundwater resource protection 
bylaws.  Through this comparison, we discovered that Worcester did not meet MassDEP 
minimums for a GP-2 zone.  Additionally, the comparison of award cities showed that 13 of the 
25 did not meet MassDEP minimum permitted use requirements either.  Yet, these cities were 
noted as having exemplary source water protection practices.  It is worth noting that all 10 award 
cities chosen for comparison met MassDEP minimums.   
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Worcester’s WRPOD has not been updated since its creation in 1991, and therefore the 
current permitted uses do not correlate with existing MassDEP regulations.  Five specific 
prohibited use regulations that are included in the MassDEP regulations are not in the WRPOD 
bylaw:    
• Facilities that generate, store, treat, or dispose of hazardous waste   
• The removal of existing floor drains that discharge to groundwater  
• The removal of soil and loam within 4 feet above the existing groundwater table   
• The parcel of land may not be impervious, meaning impenetrable by water, above 
15% or 2500 square feet.   
• Petroleum fuel terminals within the GP-2 zone   
In addition, some of the language of the minimum permitted uses among Worcester 
WRPOD, MassDEP, and the award cities differs.  For instance, the MassDEP and the award 
cities prohibit manufacturers from storing, processing, manufacturing, or generating hazardous 
waste in the GP-2 or GP-3 zones.  Whereas, Worcester allows up to five gallon containers for 
storage of hazardous material. Worcester also stipulates a weight for deicing chemicals that may 
be stored on a facilities’ property.  Again, the MassDEP and award cities prohibited storage or 
use of deicing chemicals within their water resource protection zones.    
From the evidence presented by our analysis of our comparison matrix, we concluded 
that the Worcester WRPOD does not meet all minimum regulations.  Also, the language of 
specific regulations in Worcester’s WRPOD is different from the MassDEPs and the best 
practice cities model regulations.   
4.2.2 Analysis of Enforcement and Monitoring Regulations 
The case study of Woburn, Massachusetts illustrates how improper enforcement of the 
regulations and monitoring of businesses can lead to unwarranted contamination of drinking 
water sources. Therefore, in addition to examining the award cities bylaws for minimum 
permitted use, we also inspected each bylaw for enforcement or monitoring provisions.  We 
discovered that out of the ten award cities analyzed, only one municipality included enforcement 
or monitoring procedures.  Therefore, it was not surprising to find that Worcester’s water 
protection bylaw does not include enforcement or monitoring practices either. The one award 
city that did contain information pertaining to monitoring and enforcement was Ipswich.  
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Ipswich’s regulations for enforcement were similar to the MassDEPs models specified in section 
2.6.1.  This led to a need for further study to determine implication methods for enforcement and 
monitoring (see section 4.3).  
4.2.3 Severability & Boundary Dispute Clauses 
A severability clause is a section within a legal document that serves the purpose of 
causing one section to become independent of the entire document.  For example, because there 
is no severability clause currently within the WRPOD, the entire bylaw could become invalid 
because of one unenforceable regulation.  Due to this fact, individuals and businesses may 
exploit other bylaws within the zoning ordinance to avoid regulations presented in the WRPOD 
provision.     
From our analysis, six of the ten award cities included a severability clause within the 
water resource protection bylaw.  It should be noted that master severability clauses might be 
found at the end of the city ordinance.  However, because of time constraints, we did not 
research the Worcester zoning ordinance to find an overall severability clause.   
Additional information that Worcester does not clearly detail within its bylaws is a 
boundary dispute procedure.  Dispute clauses dictate what section of the WRPOD must be 
followed by businesses that overlay both zones.  In the case of Worcester, this is extremely 
important because in a meeting with our sponsor, Ms. Bold, we discovered a business that is 
situated on both the GP-2 and GP-3 zone boundaries.  Thus, the business could potentially 
follow either protection regulation, which may pose a contamination risk to the aquifer because 
of the lack of restrictions.  The boundary dispute clause that is located within the WRPOD bylaw 
is unclear because it does not explicitly state which regulations, GP-2 or GP-3, the parcel must 
follow.  All ten award cities we analyzed included a clearly defined boundary dispute clause. 
Severability and boundary dispute clauses are key additions to the bylaws of the award 
cities that include them.  Without both explicitly stated, Worcester’s regulations are vulnerable to 
businesses using loopholes to avoid the WRPOD regulations   
4.2.4 Definitions Listing 
The definitions section, which is located in an ordinance, lists key terms that help the 
reader comprehend what certain technical words mean, and set a legal precedence for the 
definition of the terms.  This section plays a key role in the WRPOD bylaw; if any updates are 
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made regarding the provisions, new definitions will need to be added in order for the list to serve 
its purpose effectively.  Worcester’s WRPOD regulation currently has a definitions list, but it has 
not been recently reviewed or modernized.   
Through our analysis, we discovered that seven award cities included this section within 
their source water protection bylaw.  The other three award cities had water resource protection 
definitions, but were part of an overall definitions list at the beginning of the entire ordinance.  
Therefore, because of limited time, our group only used definitions that were written within the 
water resource protection sections.  Although, Worcester has a definitions list contained within 
the WRPOD, we conclude that the list is inadequate. 
4.2.5 Permitting Process Analysis 
Based on an interview with Ms. Bold the permitting process was identified as a possible 
cause of the ineffective use of the WRPOD.   The permitting process for the WRPOD involves 
two steps: submitting both a business occupancy and general permit application, and obtaining a 
special permit.  After the Special Permit Granting Authority (SPGA), the permit granting 
authority, approves all of the necessary paperwork for the permit application, the special 
permitting process commences. Once this task is completed, a Planning Board meeting follows 
to determine if the special permit is granted.       
4.2.5.1 Analysis of Permitting Applications 
The permit applications include information that the city must review and approve before 
the business can proceed to the special permitting process.  This information includes building 
type (i.e. commercial or industrial) and the type of waste the business produces.  Maintaining 
these records will assist the city in determining business activity within the WRPOD.  From our 
research of best management practices in the background, documenting business activity, 
strengthens the city’s ability to hold businesses accountable for their actions.  For that reason, 
this section will summarize the analysis of our comparison matrix, specifically pertaining to the 
permit applications of award cities. This will assist us in illustrating gaps and differences within 
Worcester’s WRPOD bylaw.   
In order to understand the dynamics of permit applications, we must first address one key 
concept.  The SPGA differs from municipality to municipality; the SPGA for Worcester is the 
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planning board, while in the award cities, the SPGA included the zoning board of appeals, the 
planning board, or the city council.   
Worcester and the award cities we examined, declared that the SPGA could produce 
multiple copies of the permit application in order for other city departments to review them.  The 
departments potentially included in the review process were the Board of Health, the Department 
of Public Works, the building inspector, the fire department, the Department of Code 
Enforcement, and the Conservation Commission.       
One criteria gap that we found in Worcester WRPOD bylaw incorporated enforcing 
hazardous waste disposal.  Six of the ten award cities that we studied included some form of 
proper hazardous waste disposal provision for businesses to reference. A provision requiring a 
plan to manage accidental spillage of hazardous materials was not incorporated into the 
permitting application criteria for Worcester.   
Although, Worcester did excel in providing planners ample criteria for a site plan map.  
Most award cities did require a depiction of a site plan to accompany the special permit 
application.  However, the award cities conditions for site plan maps were not analogous to those 
established by Worcester.  Worcester’s site plan map included items such as:  
• Existing property boundaries, topography, and structures  
• Volumes of pre- and post-construction runoff  
• Area that is impervious or left in a natural state 
• Maximum groundwater elevation 
• Type of fill used on site 
• Analysis of the site and potential impacts on GP-2 zone  
• Evidence of approval for in-ground and above-ground storage of hazardous 
materials         
Worcester’s permit applications and criteria did not specifically stipulate against 
hazardous waste disposal. However, the overall detail of the application we considered 
exceptional compared to best practice cities.   
4.2.5.2 Analysis of the Permitting Process 
Once the SPGA finds that all materials are suitable for the water resource protection zone 
and will not degrade the zone below stated levels detailed in the WRPOD, the permitting process 
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continues.  Worcester’s permitting process included in the WRPOD surpassed all the award 
cities we analyzed.  However, our analysis of the award cities did determine differences that we 
will use for recommendations in chapter five.     
To begin the permitting process, most municipalities have some type of department 
review of the materials presented by the business owner/site planner.  Worcester and the award 
cities had the SPGA review the documents with another department.  Those departments usually 
included the Board of Health, the Department of Public Works, Conservation Commission, and 
the Fire Department. 
As stated in section 4.2.4, unlike some of the award cities analyzed, Worcester has a very 
extensive permitting process.  Upon further analysis of the permit process, we discovered 
additional information Worcester stipulated in regards to the site plan.  These stipulations were 
in regards to the storm water runoff criterion.  The storm water runoff standard provided by 
Worcester, mandated that the pre-development runoff must equal the post-development runoff 
volume.  To test this, Worcester stipulates the developer must calculate the hydrology using a 
25-year storm, a storm that produces a rainfall volume that only occurs every 25 years.  No 
award cities specified that post-development runoff must equal pre-development runoff volume 
or the type of testing method needed to calculate theoretical runoff volumes.   
Even though Worcester does excel with its permitting process, one major difference 
exists between it and the award cities.  Worcester does not offer planners and businesses a 
timeline of the permitting process.  Award cities specified a final date for the SPGA or other 
department review committees for returning their finalized comments of the documents 
pertaining to the special permit to the owners/site planners.  Eight of the ten municipalities that 
we examined specified a timeline for planners to submit applications and other documents to the 
SPGA, the last possible time for the SPGA to give its final decision, and a timeline for 
departments to propose their analyses of the applications to the SPGA.  A timeline is used to 
keep the permitting process moving steadily.                      
The fact that Worcester is missing a timeline stated in the WRPOD for planners and the 
SPGA, does not mean that Worcester is not comparable to award cities in regards to the 
permitting process.  Our analysis illustrated that the WRPOD goes well beyond all MassDEP 
award cities regarding site plan criteria for the illustration.     
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4.2.5.3 Examination of the Special Permit 
Many award cities encompassed two important topics within the special permit section.  
The first topic included the payments schedule for businesses and individuals applying for a 
special permit.  This gave a timeline for site planners to submit required payments to the SPGA.  
Four of the ten award cities studied included some form of a fee schedule in their bylaws.  By 
studying the special permit process of the award cities, we observed differences and gaps within 
the special permit section of the WRPOD. 
The second segment of the special permit section specifies parties, usually government 
departments, at fault for any failure concerning the special permit agreement and methods set 
forth by the special permit.  For Worcester this segment states that, “[the governing body] that 
gives consideration to simplicity, reliability, and feasibility control measures and the degree of 
threat to surface and groundwater quality which would result if the control measures were to 
fail” (City of Worcester, 2006).  This clause also provides comfort for planners, as the city takes 
some responsibility for the failure of the special permit stipulation.  For example, if pesticides 
are allowed to be applied to crops under the stipulations of a special permit, but cause 
contamination to the aquifer, the government entity takes responsibility for the failure.  Seven of 
the ten award cities analyzed had a similar clause to Worcester.  For the majority of these cities, 
the planning board or zoning board of appeals was the governing body accountable for failure. 
 In summary, Worcester does not include a fee schedule similar to most award cities.  
However, Worcester’s WRPOD does stipulate an overall responsibility clause, which puts 
responsibility upon the Planning Board and not the site planners.     
4.3 Further Analysis of Enforcement and Monitoring 
Both businesses and residents have a responsibility to follow the regulations within the 
WRPOD.  In discussion with Ms. Bold and our own research and analysis, we determined that 
Worcester has no ongoing monitoring and enforcement techniques in place to verify individuals 
are following the WRPOD regulations, although all special permits are enforceable by the 
Division of Code Enforcement.  Neither the MassDEP, nor the award cities specify a monitoring 
regulation. Yet, the MassDEP does document model enforcement regulations that could be 
utilized by municipalities.  See section 2.6.1 of our background for additional information 
pertaining to these practices.   
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Through our research of Worcester’s enforcement protocol, we discovered that the city 
presently uses complaints to monitor the WRPOD.  Yet, in the last decade, there have not been 
any reported complaints related to breaking protocols established within the water resources 
protection overlay district bylaw.  Furthermore, our research revealed no inspection program for 
Worcester either.   
4.4 Analysis of Protecting GP-2 and GP-3 Zones 
From our background research and analysis of enforcement and monitoring, Worcester 
does not maintain a database to regulate businesses within the GP-2 and GP-3 protection zones.  
Research stated in section 2.6, has shown that Worcester’s deficiency of a database hinders the 
city’s ability to hold businesses accountable for their actions.  Our database as stated in our 
methodology would include business occupancy information: owner name, address, permit 
history, complaint history, and inspections.   
As we researched further into the WRPOD, we discovered that the bylaw did not come 
into effect until 1991.  Currently, businesses existing in the WRPOD before 1991 are considered 
“grandfathered” and do not have to follow the mandated regulations.  Therefore, pollution could 
have gone unnoticed by the City of Worcester.  In our methodology, we stated that we would 
supply an overall picture of what exists within the GP-2 zone.  We also stated that we would 
look at three different problem areas within the GP-2 zone to increase the city’s awareness.   
One activity that could lead to accidental contamination is dumpsites or hazardous spill 
sites.  Our group, using a GIS layer from the MassDEP website that represented accidental 
hazardous spill sites, found that none of the spill sites occurred within the GP-2 zone.  A picture 
of the map is depicted on the next page in Figure 4.  Since we did not find any information 
pertaining to accidental hazardous waste sites within the GP-2 protection zone, our group could 
not document this information in the database we created.           
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Figure 4: Spill sites near the GP-2 Protection Zone 
 
Another business practice that could contribute to pollution would be underground 
storage tanks.  Thus, our group decided to create an overlay map illustrating the underground 
storage tanks in the GP-2 zone.  We discovered that five businesses located within the GP-2 
protection zone have underground storage tanks.  These industries include the Shell Service 
Station (747 Plantation Street), Custom Coating and Laminating (717 Plantation Street), U.S. 
Army, Fort Devens (0 Lincoln West Stoddard USAR Center), Sprague Electric Company (115 
Northeast Cutoff), and Henry Camosse & Son INC (61 Southwest Cutoff).  The entire map is 
illustrated on the next page in Figure 5. 
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Figure 5: Underground Storage Tanks in GP-2 Zone 
  
A final illustration of businesses that could be characterized potential contaminators 
completed our analysis of prospective problem areas in the GP-2 zone.  To record this, we 
created a thematic map, a map that illustrates levels of contamination by different shape sizes.  In 
addition, our group created a contamination potential checklist so we could standardize the levels 
of contamination potential.  The checklist can be seen in Appendix C.  By creating the GIS map, 
our group discovered that three businesses with a high potential for contamination existed within 
the GP-2 zone.  Two of the manufacturing plants are located near the Poor Farm Brook, the 
brook that recharges the underlying aquifer.  The plant at 115 Northeast Cutoff received a 
contamination potential of 11 and the business at 324 Clark Street was recorded at a level five.  
Another industry, located away from the brook is situated on Plantation Street.  This building 
received a contamination potential of 15, the highest.  The entire map of GP-2 zone can be seen 
on the next page in Figure 6.      
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Figure 6: Potential Contaminators in or near GP-2 Protection Zone 
 GIS maps are utilized by cities as tools to properly manage businesses in the water 
protection zones.  Worcester at this moment does not maintain maps or databases that would be 
beneficial to quickly determining businesses in need of inspections.  Our analysis clearly shows 
how precarious the lack of these tools can be to the safety of the aquifer and public drinking 
water. 
4.5 Analysis of Best Management Practices 
As our research states, proper management methods lead to businesses being held 
accountable for their actions and increase effectiveness of source water protection. Worcester 
presently does employ some best management practices, but lacks education practices and 
community involvement, which are two very important aspects of management.  If improved, 
Worcester would be able to better protect the Poor Farm Brook and the underlying aquifer 
recharge zone.  Methods included investigating management practices stipulated by the 
MassDEP, examining best practice cities for management, and archival research of tip sheets and 
fact sheets pertaining to management.      
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A comprehensive analysis of the City of Worcester’s management principles cannot be 
effectively evaluated at all levels within this document.  That would require an evaluation of 
what all businesses and residents are doing to manage their impacts on local water resources.  
Yet, the role of the city government and the city planners can be assessed based on their 
management of the water resources.  Below is a table summarizing key aspects of best 
management practices cities could employ. 
 
Best Management Practice Occurring in Worcester? 
Familiarize local officials with regulations NO 
Storm Water drain stenciling Opportunity for Improvement 
Recycling program Opportunity for Improvement 
Pesticide and fertilizer management education NO 
Public education NO 
Water resources protection plan YES 
Household hazardous Waste disposal program YES 
Floor drain regulation and inspection NO 
Education program for businesses about hazardous waste NO 
Hazardous waste inspection program for businesses NO 
Table 3: Comparison Matrix for Best Management Practices 
 
Familiarizing local officials with water resource protection regulations is necessary for 
proper management.  Some methods we found to achieve this are to hold training courses, 
provide a reference sheet, or to utilize existing resources for sharing information within the 
municipality.  During our background research, in an interview with Ms. Bold, we discovered 
that city employees knew little about the water resources protection overlay districts.  Within the 
Department of Public Works, the city department involved in managing the water resource 
protection zones, only one employee understands the regulation enough to properly review the 
permit applications.  
Non-regulatory protection strategies such as storm water drain stenciling, recycling 
programs, pesticide and fertilizer management, and public education are also methods used to 
improve water resource protection.  Within Worcester, a recycling program has been established.  
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Yet, the city has clearly stenciled very few storm drains.  Many are observed to have rubbish or 
other refuse on or around them.   
In section 4.2.2, we stated that the City of Worcester does not include any provision 
regarding floor drains within the water resources protection overlay district.  Floor drain 
regulation is very important, as drains are access points for hazardous materials to reach the 
ground water.  Board of Health regulations often help achieve proper floor drain management.  
These regulations are subject to inspection when other health inspections occur.  However, this 
regulation could not be located within the City of Worcester’s ordinance.  We attempted to 
contact Worcester’s Board of Health, but did not receive any reply.  
Lastly, the city did not bring about a program for working with local businesses to 
educate them about hazardous material management practices.  In most cases, constructing some 
kind of inspection programs for businesses that use, generate, store, or dispose of hazardous 
materials is facilitated by the city.  These are both essential programs implemented to get the 
business community involved in protecting water.  In some instances, the programs can be 
linked.  The city’s educational program could easily be tied to the inspection program as the 
inspection could be viewed as a time to educate employees. 
The city does not effectively employ education and outreach.  Education includes 
familiarizing local officials with regulations, pesticide and fertilizer management education, 
public education, education program for businesses about hazardous waste.  Outreach activities 
incorporate a program to stencil storm drains, work with entities on recycling program 
improvements, and hazardous waste/floor drain inspections. 
4.6 Educational Program Analysis 
Further investigating case studies such as the Austin, TX education program described in 
our background section, section 2.4.3, we determined the educational program was an essential 
addition to our project.  Additionally through our background research, we learned that in the 
MassDEP Wellhead Protection Program, an educational program is included as one of the six 
steps in setting up a protection plan for municipalities in Massachusetts.  The single greatest 
contributor to groundwater pollution is the human race (Baker, 1997).  The need for the WRPOD 
in Worcester is important, but if the public is not aware of it, it is useless.   
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 We based our educational program off the three steps given to us by Rhonda Artho, an 
expert from Northern Texas who won The Groundwater Foundation award for education in 
2006, for her efforts in educating her community about the need to protect groundwater.  The 
first step is to develop a need to protect water.  To develop a need to protect drinking water, in 
the brochure and presentation, we gave reasons why someone would want clean water and gave 
uses for clean water such as drinking.  We also included facts about the aquifer.  We stated that 
this is the only studied aquifer in Worcester that can supply drinking water and that when the 
aquifer is put into use it will supply water to Worcester and surrounding cities and towns.  Also, 
statistics were included about how many people get sick annually from drinking contaminated 
water to broaden the problem. 
 Emphasizing vulnerability was the next step.  This is the section where direct facts about 
specific pollution are included.  For the brochure, data about oil and pet waste pollution were 
provided; for the presentation, data pertaining to industrial waste were included.  We also 
incorporated information about how easy a spill can migrate into the recharge zone and infiltrate 
into the groundwater.  Lastly, the educational materials include tips for protecting groundwater.  
Specifically, tips for oil and pet waste disposal are on the brochure, and for industrial waste in 
the presentation.  The full sample presentation and brochure can be found in Appendix D. 
 The presentation and brochure is the best method of outreaching to the public.  Our 
research shows that a brochure is a very effective way to relay information.  It can be easily 
distributed and is full of relevant information, it also includes a contact number for any 
additional information that a resident or employee might have.  The presentation is also a very 
effective way to relay information.  It allows someone knowledgeable in the field of groundwater 
to speak to businesses directly.  More information can be given via the presentation and any 
questions that the businesses come up with can be answered immediately. 
The fact that public awareness and community involvement are important factors in 
groundwater protection, Worcester’s lack of an educational program poses a threat to the aquifer 
and subsequent drinking water.  
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4.7 Analysis of Possible Locations for New WRPOD 
From our research of MassDEP protocol and our interview with Mr. Guerin, we found that 
the MassDEP requires three studies in order for a municipality to define a possible WRPOD. 
Surficial geology of the land, the yield of the aquifer, or how much water the aquifer can supply 
per minute, and elevation countours.  Our group generated several maps depicting these criteria. 
Our group first observed the surficial geology of Worcester.  Surficial geology is defined 
as the underlying land composition.  Examining this GIS map, our group discovered several key 
areas where land composition will allow pollution to leech into groundwater.  Areas of concern 
concentrate on regions where sand and gravel are constricted by till and bedrock.  We have 
highlighted a probable WRPOD region for Worcester to consider on the map in figure 7.     
 
Figure 7: Surficial Geology of Worcester 
 
The second criterion of the MassDEP includes observing the elevation contours of the 
municipality.  For Worcester, we created a map of the elevation contours.  To be considered for a 
zone II or III region, the slope of the ground must be decreasing.  Through our research, our 
group did not locate the gradient that the land must decrease in order to be considered a zone II 
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or III area.  From the map in Figure 8, we noticed that the same region where indicated on the 
surficial geology map was a potential location for source water protection.  In addition, a small 
section on the bottom right of Worcester could become a site for water resource protection.  
Worcester’s elevation generally is between 500-1000 feet. 
 
Figure 8: Elevation Contours for Worcester 
 
The last criterion required by MassDEP is a recently established practice for 
municipalities to determine areas of protection and drinking water sources is aquifer pumping 
yield.  From our interview with Mr. Guerin of the DPW, he explained to us that to perform an 
aquifer pump test, the region for the new wellhead must not have had rain for at least 12 days.  
The 12-day period simulates a drought period.  After the 12-day period, pumping at specific 
intervals will commence and a professional hydrologist will calculate water yielding of the 
aquifer.   
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Figure 9: Aquifer Pumping Yields in Gallons per Minute 
 
Our group determined that the overlying surficial geology and elevation contour map 
both established a definitive spot for source water protection.  The map in Figure 9 shows that 
the probable location has both high yield and medium yield capabilities.  In addition, observing 
other maps of nearby districts, two wellheads exist close to the boundaries of Worcester where 
we have highlighted a probable protection area.  These wellheads are not illustrated in Figure 9.   
From the analysis of our GIS maps Worcester has other areas that could potentially be 
utilized for future water resource protection zones. 
4.8 Overall Analysis 
Overall Worcester’s WRPOD is similar to the MassDEP and the award cities. However, 
there is room for improvement in these areas: regulations, monitoring and enforcement, 
management, education, and expansion. In chapter five, we will present recommendations on 
possible avenues for improvement. 
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5. Final Proposal for the City of Worcester 
This chapter contains all of the recommendations for the City of Worcester.  Our goal for 
this project was to examine the Water Resource Protection Overlay Districts bylaw and analyze 
areas for improvement.  It should be noted that our recommendations are solely based upon 
research of water resource protection zones.  Research concerning the results of implementing 
best practices was not studied in this document.  With limited time and our partial knowledge of 
the subject matters needed to thoroughly analyze this project, we could not foresee all of the 
consequences of our recommendations, especially to existing businesses and the city.     
5.1 WRPOD Recommendations 
The recommendations for the WRPOD are broken up into six categories.  They are 
permitted uses, enforcement and monitoring, severability & dispute clauses, definitions, permit 
application, and permit process & special permit. 
5.1.1 Minimums for Permitted Use  
Analyzing Worcester’s WRPOD bylaw we noted several gaps in the regulations.  It is 
clear from our analysis that Worcester’s regulations for the WRPOD are stronger in some aspects 
than other award cities, such as detailing the site plan illustration and the permitting process. Yet, 
Worcester is weaker than other award cities in other areas, such as meeting MassDEP minimum 
permitted use requirements.  
Lastly, our analysis showed a condition involving hazardous materials was missing from 
Worcester’s permitting process.  We recommend that Worcester create a template of a hazardous 
materials management plan for businesses to use.  Also, we advise Worcester to have businesses 
implement a hazardous materials management plan.  This plan must include provisions to protect 
drinking water sources from accidental contamination.  The plan also must manage proper 
storing of the hazardous materials and evidence that the storing method complies with the 
hazardous materials plan stated in the code of Massachusetts.  Ultimately, the business must 
submit the plan to the proper state and local departments.   
As we investigated the award cities bylaws, our comparison chart illustrated several areas 
where Worcester could include new provisions to further protect the GP-2 zone.  Some of those 
provisions include not permitting metal plating or metal finishing facilities, or dry cleaning 
  48
facilities within the GP-2 zone.  We recommend that Worcester insert provisions against 
discarding animal remains, drilling to a depth greater than 15 feet below existing grade, 
construction of dams or other water controlling devices, and enlargement of existing uses that do 
not conform into the WRPOD bylaw. 
5.1.2 Enforcement and Monitoring  
Based on our research of the award cities, our group found that nine of the ten best 
practice cities did not include monitoring or enforcement procedures.  As previously stated, the 
only city to include these procedures was Ipswich, which followed the MassDEP model 
enforcement regulations. It should be noted that the MassDEP does not have model monitoring 
procedures or practices.  In order to strengthen the WRPOD regulations, we recommend that 
Worcester incorporate the MassDEP model regulation for enforcement.  As well, we recommend 
that Worcester further research monitoring practices, since our background research did 
determine that monitoring was an effective means to protect against aquifer contamination.   
5.1.3 Severability Clause &  Boundary Disputes 
For both of these matters, we suggest an extensive review by the DPW, the Board of 
Health, and the Planning and Regulatory Services Division of Worcester’s WRPOD.  To protect 
the city against individuals from exploiting other bylaws to manipulate the laws within the water 
resource protection section, our group strongly recommends that Worcester stipulate a 
severability clause within the WRPOD bylaw that states that other bylaws within the city 
ordinance may not interfere with the wording of the water protection bylaw.      
Additionally, we advise Worcester to include a clause pertaining to the procedures for 
boundary disputes. Boundary disputes relate to arguments about where the water resource 
protection zone begins and ends. For instance, if a building existed in both the GP-2 zone and the 
GP-3 zone, the boundary dispute clause in the bylaw mandates a system to resolve the issue. All 
award cities we analyzed had a detailed procedure for boundary disputes.  We recommend using 
the model regulation mentioned in our background in order to word the boundary dispute clause. 
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5.1.4 Definitions 
From the analysis of the bylaws of the award cities, our group compiled a list of 
definitions that would benefit the reader and improve the legal standing of the Worcester 
WRPOD ordinance. The definitions are listed and defined in Appendix F. 
5.1.5 Permit Application 
While Worcester’s permitting application did exceed most award cities some information 
should be updated.  As explained to us by Mr. Phillip Guerin, the three departments involved in 
the creation of the WRPOD were the Board of Health, the Department of Public Works (DPW), 
and the Planning Office. Therefore, our group recommends that Worcester include at least these 
three in the review process.   
In addition, through our examination of the permit application, we found that Worcester 
did not incorporate a provision for hazardous waste disposal and storage.  Mr. Guerin told us that 
hazardous waste provisions were not mandated when the WRPOD was created in 1991.  Our 
recommendation for the city is to produce a provision for hazardous waste disposal and storage.  
In addition, we propose that Worcester include a reference to the Massachusetts code of 
regulations within the bylaw.  This document stipulates mandatory state level regulations that 
businesses must follow.   
5.1.6 Permitting Process & Special Permit 
After determining that Worcester details several aspects within the permitting process 
more effectively than the ten award cities we analyzed, we decided that we would make 
recommendations that could create a more thorough permitting process.   
Similar to the permit application, our recommendation for Worcester includes 
incorporating the Board of Health in the joint review process of the special permit application. 
Another proposal relating to the permitting process is that Worcester should offer planners a final 
date for the SPGA or other department review committees for returning their investigation of the 
documents pertaining to the special permit.  Likewise, the bylaw should stipulate a timeline for 
planners to submit all of the necessary paperwork. 
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5.2 Further Recommendations for Enforcement and Monitoring 
As mentioned several times through our background research and analysis, businesses 
should be held liable for their actions. For that reason, the recommendations related to 
enforcement for the City of Worcester are to implement one or both of the model regulations 
from the MassDEP.  This would provide a method for the city to designate responsibility for 
cleanup costs due to contamination caused by the property owner.  In addition, the city would be 
providing penalties to entice property owners to take action in preventing unwarranted 
contamination.  Next, we recommend that the City of Worcester create an inspection program to 
monitor against contamination.  Inspection programs are usually developed by the Board of 
Health and target facilities that generate, use, store, or dispose of hazardous materials.  The 
programs may also include inspecting floor drains and underground storage tanks both of which 
are important concerns within the water resources protection overlay districts. 
5.3 GIS and Database Recommendations 
From our research, databases are emphasized as important mechanisms to monitor 
business activity and avoid preventable pollution and our analysis of business practices within 
the WRPOD protection zones, we have concluded that Worcester needs to investigate cataloging 
as a means to improve water safety and quality.   
One of our recommendations to the City of Worcester is to utilize the database we have 
created for quick querying of businesses. Worcester can use this database to generate reports 
containing information about companies within the GP-2 zone.  As for the GIS map of potential 
contaminators, our group proposes generating hot spots for residences within the GP-2 zone. 
This comprehensive GIS map would provide a visual for the Planning and Regulatory Services 
Division of future contamination potential in the GP-2 zone.  
The database and GIS map are only preliminary measures to protect the GP-2 zone.  We 
urge the Planning and Regulatory Services Division to integrate the business data we have 
compiled into its own GIS program.  In addition, as part of our proposals to the city, we would 
advise them to insert the businesses and residents within the GP-3 zone into the database.  By 
incorporating these entities, the city would be including sites that could pollute into the GP-2 
zone, the aquifer recharge area. 
 
  51
5.4 Management Recommendations 
Similar to monitoring and enforcement, our analysis showed that accountability is a 
strategic means towards preventing people from polluting.  In addition, our study showed that 
educating individuals about the WRPOD and concepts of water protection could lead to residents 
and businesses integrating safe practices into daily routines.  The main recommendation related 
to management practices within the city of Worcester would be the development of a series of 
educational programs. Programs consisting of teaching businesses about hazardous waste 
management, municipal officials about the regulations, the public about protecting water 
resources from contamination, and a program that would cover pesticide and fertilizer 
management. These education programs would be a major step towards preventing possible 
contamination to the aquifer currently protected by the water resources overlay protection 
district. A template for educating residents and businesses is explained in Section 5.6.  
There are also other programs within the city that should be reviewed, but based on our 
analysis these programs are underutilized or do not exist.  The programs are inspections of 
hazardous waste facilities, inspections of floor drain, a program to stencil storm drains, and a 
review of the cities recycling program. These programs are suggested for review, as it may be 
more effective to amend them to existing programs; For instance, in the case of stenciling the 
storm drains and improving the recycling programs, these may be carried out by other groups 
rather then city departments.  
5.5 Educational Program Recommendations  
The educational program is only as good as its implementation. Our project sets the 
framework for appropriate execution.  Using our analysis of best practices, we provided a sample 
brochure and presentation for the city to use, both of which are in the appendices.  As previously 
stated, it is our recommendation that the city educate the people that live and work in the 
WRPOD. As part of the educational program, it is recommended that the city teach residents 
about the water resource protection zones by distributing educational brochures, informing them 
of the need to protect the aquifer.  The city can choose to use or alter the sample brochure that 
we have provided or they can create their own using similar information.  We strongly advise 
that residents in GP-2 receive the most information about water resource protection, since 
pollutants within this zone find their way into the water supply more easily.    
As for educating the businesses of the two zones, we recommend that the city go to each 
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business to give a presentation pertaining to the need to protect water, placing priority first on 
those in the GP-2 zone. In addition to the presentation, brochures could be handed out to the 
employees of the company.  We strongly recommend that the city designate one person to the 
responsibility of education; it would not be a full time job, but an addition to current 
responsibilities. An example would be someone from the newly created Division of 
Environmental Systems in the Department of Public Works, as this is an environmental issue.  
5.6 Recommendations for Expanding Water Resource Protection in Worcester  
While researching the Water Resource Protection Overlay Districts, we were told by Mr. 
Guerin that the city was planning to locate sites for new water resource protection districts. 
Additionally, the city wanted to reduce the size of the existing GP-2 zone.  We did not have 
enough time to analyze information for decreasing the boundaries of the current GP-2 zone.  Yet, 
we recommend that the city of Worcester make the most of the fact sheets, listed in Appendix E, 
and GIS maps that we have compiled to aid in its study of future source water drinking areas.  
5.7 Overall Recommendations for the City of Worcester 
Our focus for the project was to investigate and assess Worcester’s current Water 
Resource Protection Overlay Districts bylaw.  Our complete analysis shows that Worcester’s 
WRPOD and ensuing methods are simply outdated. Our recommendation to the city would be to 
utilize the recommendations listed in the seven aspects of water resource protection we examined 
to begin modernizing the WRPOD.  In addition, we recommend not leaving this task to one city 
department.  Many of the recommendations we have presented require expertise from many 
areas within a cities infrastructure.  To properly review the current WRPOD with our 
recommendations, we strongly advise forming a committee of at least one Board of Health 
official, DPW official, and P&RSD official. The interviews with Mr. Guerin and Ms. Bold 
strengthened our determination that all of these city offices be involved in the WRPOD.  
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6. Conclusion 
It has been stressed that the City of Worcester is ineffectively using its WRPOD.   
Currently, Worcester has a satisfactory WRPOD that protects aquifer recharge areas and the 
subsequent groundwater.  However, from outdated regulations, to poor management practices, 
and lack of public awareness about the WRPOD, there is clearly room for improvement.  Our 
project dealt with first researching incomplete or missing provisions within the overlay districts 
and then analyzing ways in which they could be improved. Our project dealt with many aspects 
of improving the districts in Worcester and we have set forth many recommendations to the city 
for improvement.  
If implicated, our recommendations will have significant effects on the WRPOD in 
Worcester.  When the existing reservoirs cannot effectively meet the city’s water demands, the 
WRPOD will become a major factor in protecting drinking water for the future.  By taking our 
recommended best practices and further reviewing them, the City of Worcester will prevent 
further need for remediation of water sources in the years to come.  From our background 
research and analysis, it will be more beneficial to protect the aquifer now, than to purify it later. 
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Appendix E 
MassDEP Tips for Expanding Water Resource Protection Zones  
Step 1 
Request for Site Exam 
 
1) Become familiar with the wellhead protection process requirements in 
this guide. NOTE: Private water suppliers and water districts are subject 
to “best effort” requirements in all towns within the Zone II boundary (see 
best effort, p. 42). 
 
 
2) The Guidelines require a strategy for meeting wellhead protection, 
including at least: 
 
a) Names, titles, and phone numbers of lead local contacts who will be: 
 
• pursuing changes to the Board of Health (BOH) and/or 
zoning regulations, 
 
• pursuing wellhead protection with neighboring 
communities, and 
 
• implementing existing controls that meet DEP requirements. 
 
b) Timeframe for drafting any needed changes: 
 
• to bring local controls up to DEP requirements, 
 
• for bringing regulatory changes to planning board, board of 
health, and town meeting, and 
 
• for developing a public education plan that will ensure 
success. 
 
c) Proposed schedule and contacts for ensuring that protection 
is put in place where the Zone II extends into a neighboring 
community; and 
 
d) Any other relevant control measures (existing or proposed). 
 
Step 2 
Pumping Test Proposal 
 
3) A draft of the proposed zoning and non-zoning controls (zoning bylaw, 
general bylaw, or health regulation) must be submitted to the Department 
for review. The draft should be consistent with the requirements set forth in 
  ii
310 CMR 22.21(2) of the Drinking Water Regulations. Use the “Land Use 
Control Cross Reference Form” on pages 27 and 28 to help you. 
4) Water suppliers subject to the “best effort” criteria, as described in 
Section 4.6 of the Guidelines, should submit a schedule for meeting the best 
effort requirements. 
 
Step 3 
Source Final Report (DEP approval of this report will include approval of the Zone 
II delineation.) 
 
5) The final draft of proposed controls must meet DEP regulatory 
requirements. 
 
Step 4 
Prior to Submittal of Well Construction Plans 
 
6) Obtain necessary approvals for land use controls (town meeting and 
State Attorney General). 
 
7) Change zoning map so that the wellhead protection district covers the 
approved Zone II and obtain necessary approvals. 
 
8) Submit the following documents to DEP: 
 
• approved bylaws (with approval stamps and dates); 
 
• zoning map with the wellhead protection overlay; and 
 
• “best effort” documents. 
 
DEP approval is needed to verify full compliance with 
wellhead protection controls, and to bring the well on line. 
 
  i
Appendix F 
Definitions Listing 
 
Area of Influence:  the area which experiences drawdown by pumping well as plotted 
on a two-dimensional (map) surface, usually ellipsoid in shape (Holliston Bylaw) 
 
Aquifer Recharge Area: Areas which are underlain by surficial geologic deposits 
including glaciofluvial or lacustrine stratified drift deposits or alluvium or swamp 
deposits, and in which the prevailing direction of groundwater flow is toward the area 
of influence of water supply wells (Peabody Bylaw) 
 
Cone of Depression: A three dimensional conical concavity produced in a water table 
by a pumping well (Holliston Bylaw) 
 
DEP:  Massachusetts Department of Environmental Protection (Hopkinton Bylaw) 
 
Governing Water Protection District: The person or persons responsible for the daily 
operation and maintenance of the city water supplies (Peabody Bylaw) 
 
Interim Wellhead Protection District: A one-half-mile radius of a public supply well 
in the absence of a defined Zone II (Peabody Bylaw) 
 
Leachable Waste: Waste materials including solid wastes, sludge and pesticide and 
fertilizer wastes capable of releasing water-borne contaminants to the environment 
(Hatfield Bylaw) 
 
Mining of Land: The removal of geologic materials such as topsoil, sand and 
gravel, metallic ores, or bedrock to be crushed or used as building stone (Auburn 
Bylaw) 
 
Non-Sanitary Wastewater: Any water-carried or liquid waste resulting from any 
process or industry, manufacture, trade, business or activity listed in 310 CMR 15.004 
(6) (Hopkinton Bylaw) 
 
Normal household use: any or all of the following:  
i.     600 gallons or less of oil on site at any time to be used for heating of a 
structure or to supply an emergency generator, or 
  
ii.    A total of 25 gallons (or the dry weight equivalent) or less of other 
hazardous or toxic materials on site at any time, including oil not used for heating or 
to supply an emergency generator (Ipswich Bylaw) 
 
Oil: Any insoluble or partially soluble oils of any kind or origin or in any form, 
including, without limitation, crude or fuel oils, lube oil or sludge, asphalt, insoluble 
  ii
or partially insoluble derivatives of mineral, animal or vegetable oils and white oil 
(Peabody Bylaw) 
 
Outdoor storage: Any storage which is not within a structure with roof, floor and at 
least three (3) sides, all of impervious material (Peabody Bylaw) 
 
Potential Drinking Water Sources: Areas or aquifers which could provide significant 
drinking (Ipswich Bylaw) 
 
Processed Wastewater: Nondomestic, nontoxic, nonhazardous liquid associated with 
the manufacture or preparation of a product, including but not limited to, hardware, 
dry goods, food stuffs, and printed materials (Peabody Bylaw) 
 
Public Well: A well providing potable water to at least fifteen (15) service 
connections or serving on a regular basis at least twenty-five (25) people (Peabody 
Bylaw) 
 
Saturated Zone: The thickness of permeable soil or bedrock actually saturated with 
water under normal conditions of temperature and pressure (Peabody Bylaw) 
 
Toxic Materials: Any substance or mixture of such physical, chemical, or infectious 
characteristics as to pose a significant, actual, or potential hazard to water supplies 
environmental quality, or to human health, if such substance or mixture where 
discharged to land or waters of the city.  Toxic or hazardous materials include, 
without limitation, petroleum products, heavy metals, radioactive materials, 
pathogenic or infectious wastes, solvents, thinners, and other materials which are 
listed as toxic, hazardous or a priority pollutant by the United States Environmental 
Protection Agency under any of the following laws: (1) Toxic Substances Control Act 
15 U.S.C.S. 2601 et seq.; (2) Federal Insecticide, Fungicide, and Rodenticide Act 7 
U.S.C. section 136 et seq.; (3) Resource Conservation & Recovery Act of 1976 42 
U.S.C. section 6901 et seq.; (4) Comprehensive Environmental Response 
Compensation and Liability Act of 1980 42 U.S.C. section 9601 et seq.; (5) Federal 
Water Pollution Control Act 33 U.S.C. section 1251 et seq. Any substance deemed an 
"oil or hazardous waste" in MGL Chapter 21C and 21E, 310 CMR 30.00 and 310 
CMR 40.00 as amended, shall also be deemed a hazardous material for purposes of 
this ordinance (Peabody Bylaw) 
 
Treatment Works: Any device, process and property, real or personal, used in the 
collection, pumping, transmission, storage, treatment, discharge, disposal, recycling, 
reclamation, or reuse of waterborne pollutants, but not including any works that 
receive a hazardous waste from off the site of the works for the purpose of treatment, 
storage, or disposal (Ipswich Bylaw) 
 
Trucking Terminal: Business which services or repairs commercial trucks which are 
not owned by the business (Hatfield Bylaw) 
 
  iii
Very Small Quantity Generators: Any public or private entity, other than a residence, 
that produces less than 27 gallons by volume or an equivalent 100 kilograms by 
weight a month of hazardous waste or waste oil, but not including any acutely 
hazardous waste as defined in 310 CMR 30.136 (Ipswich Bylaw) 
 
Water District Zone II: The area of an aquifer which contributes water to a 
well or to a potential well site under the most severe pumping and recharge 
conditions that can be realistically anticipated (180 days of pumping at the 
approved yield, with no recharge from precipitation).  It is bounded by the 
groundwater divides which result from pumping the well, and by the contact of the 
aquifer with less permeable materials such as till or bedrock.  In some 
cases, streams or lakes may act as recharge boundaries.  In all cases, Zone II 
shall extend upgradient to its point of intersection with prevailing hydrogeologic 
boundaries (a groundwater flow divide, a contact with till or bedrock, or a recharge 
boundary) (Auburn Bylaw) 
 
Watershed: Lands lying adjacent to water courses and surface water bodies which 
create the catchment or drainage areas of such water courses and bodies (Hatfield 
Bylaw) 
 
Water Supply: A groundwater aquifer, surface water, and surface water recharge to a 
groundwater aquifer, which is a present or potential future drinking water supply 
source for the city (Peabody Bylaw
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